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Introduction 


The HAL MCEM-8080 Microcomputer System is a single printed-circuit 
board computer that can be used for program development or for specific 
control applications. The MCEM-8080 is designed around the Intel 808 OA 
single chip, 8 -bit, N-channel microprocessor integrated circuit. The 
MCEM-8080 printed circuit board contains the microprocessor 1C,'its timing 
and control circuitry, both Read Only Memory (ROM) and Random Access 
Memory (RAM) integrated circuitry, and timing and control for Input / Out¬ 
put (I/O) interfacing. Other accessories such as additional RAM, Keyboard/ 
Video Display unit, tape cassette memory, and power supplies can be used 
with the basic MCEM circuit board. This manual discusses ONLY the basic 
MCEM-8080 board - the operation of the accessories is discussed in separate 
manuals furnished with each unit. 

The MCEM-8080A Microcomputer System manual is actually supplied in 
two publications: this MCEM-8080 Operating Manual , and the Intel 8080 
Microcomputer Systems User^s Manual . Specific operat i ng instructions 
and specifications pertaining to the HAL Communications Corp. MCEM-8080 
system are discussed in the MCEM-8080 Operating Manual . General information 
relating to the 8080A and associated integrated circuits is discussed in 
detail in the Intel 808 Q Microcomputer Systems User^ Manual ( © Intel 
Corporation). When pertinent, references are made in the operating manual 
to the detailed discussions in the Intel manual. These references are given 
in the form: "Intel; pp A-xx to A-yy". In addition, a copy of the 
Intel 8080 Assembly Language Reference Card (© Intel Corporation) is 
furnished with the MCEM-8080 Microcomputer System to aid in program develop¬ 
ment. 


Figure 1.1 MCEM -8080 Microcomputer System 
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1. System Components 


The HAL MCEM-8080 Microcomputer System contains the following basic 
and optional components: 

1.1 8080A Microprocessor 

The 8080A is an eight bit microprocessor integrated circuit with 
an instruction repertoire of 73 instructions. The execution time of 
these instructions varies from 2.0 psec. to 9-0 psec. The 8080A integrated 
circuit itself contains all of the circuitry required to address the memory, 
address Input / Output (I/O) devices, and manipulate data. A more detailed 
discussion of the 8080A will be found in pages 2-1 to 2-20 of the Intel 
manual (Intel * pp 2-1 to 2-20). 

1.2 Processor Control Circuitry 

Two additional integrated circuits are used in conjunction with the 
8080A to provide all of the timing and control signals for the micro - 1 
processor system. These are the 8228 Bus Controller 1C and the 8224 Clock 
Generator 1C. 

1.2.1 8228 Bus Controller (Intel; pp 5~7 to 5“12) 

A type 8228 integrated circuit is used to decode signals from the 
808 OA and generate the required bus control signals. This device also 
buffers the 8080A data bus signals and will support a single vector 
interrupt (RST 7)• 

1.2.2 8224 Clock Generator (Intel; pp 5~1 to 5~6) 

A type 8224 integrated circuit generates all system timing signals. 

An 18 MHz crystal is used with the device to generate the 2.0 MHz processor 
timing signals, power-on reset signal and ready line synchronization pulses. 

1.3 Random Access Memory 

The standard MCEM circuit board is provided with 1024 bytes of Random 
Access Memory (RAM). This memory can be used by the user's programs, but 
the lower 64 bytes are required for the software monitor program. Additiona 
circuit board space is provided so that an additional 1024 bytes (“IK") of 
RAM can be installed on the MCEM board (factory installation is recommended) 
All RAM integrated circuits should be type 8102A-4, a device featuring an 
access time of 450 nsec, or less. Slower RAM devices should NOT be used as 
they may cause improper operation of the system. Further information on the 
8102A-4 is found on pages 5~79 through 5~82 of the Intel manual (Intel; 

PP 5~79 to 5-82). 

Within the processor memory space, the standard “IK" bytes of RAM 
occupy locations between 0 and 1023 (0 - 3FF - Hex). The second (optional) 
M 1K“ bytes of RAM occupy locations between 1024 and 2047 (400 H - 7FF H). 

The software monitor uses RAM locations between 0 and 63 (0 - 3F H). 
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1.4 Read Only Memory 

The MCEM system is provided with sufficient circuit board space for 
4096 bytes of EPROM (Erasable Programmable Read Only Memory) or 2048 bytes 
of bi-polar PROM (Programmable Read Only Memory - NOT erasable). The 
device selection is made by selection of the proper circuit board jumpers. 
Four socket locations are provided for the ROM - all four must be of the 
same type (EPROM or PROM). The ROM occupies consecutive memory locations, 
starting at 32,768 (8000 H). 

1.4.1 EPROM 

Either a type 8708 or 8704 EPROM integrated circuit (Intel; pp 5~45 to 
5"50) can be used on the MCEM board. The 8708 is a 1024 x 8 device and 
the 8704 is a 512 x 8 device. Refer to Appendix A for proper jumper place¬ 
ment. 

1.4.2 PROM 

Type 3624 PROM integrated circuits can be used on the MCEM. This 1C 
is the standard device furnished with the MCEM. The 3624 is a bi-polar 
PROM with a 512 x 8 organization. ' Up to four 3624 1 s can be used on the 
MCEM- 808 O circuit board. NOTE: Production MCEM-8080 circuit boards are 
jumpered for use of this device on the circuit board. If it is desired 
to use other devices, refer to Appendix A for details. 

1.4.3 ROM 

A type 8308 ROM integrated circuit (Intel; pp 5~59 & 5~60) can also be 
used in the HAL MCEM-8080. This is a mask-programmed version of the 8708 . 
Refer to Appendix A for jumper details. 

1.4.4 Monitor Software ROM 

The HAL software monitor can be resident in either 2-3624, 1-8708, or 
1 - 83 Q8 ROM integrated circuits. Either 2-3624 or 1-8308 ROM is standard 
with the MCEM. The monitor software is 1024 bytes in length and begins at 
location 32,768 (8000 H). 

1.5 Serial Input / Output (I/O) 

The standard MCEM-8080 provides for either synchronous or asynchronous 
serial data interface. The software monitor supports asynchronous serial 
I/O in either Baudot (5-unit) or ASCII (8-unit) codes. 

1.5*1 8251 USART 

A type 8251 integrated circuit (Intel; pp 5~135 to 5~146) Universal 
Synchronous/Asynchronous Receiver/Transmitter (USART) is used to input and 
output serial data. This device is fully programmable and is controlled by 
the processor. Parallei-to-serial and serIa 1 -to-para11 el conversions as 
well as word length selection and parity are controlled by the 8251. 
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1.5*2 Serial Timing Oscillator 

A type 555 integrated circuit timer is used to generate the serial 
data baud rate. The data rate is screw-driver adjustable on the circuit 
board. The actual 555 clock frequency is *4 times the baud rate in ASCII 
mode and 16 times the baud rate in Baudot mode. 

1.5*3 EIA - RS-232C Data Interface 

Two operational amplifiers (both halves of a type 1458 1C) are used 
as RS-232 drivers and receivers. The serial output of the 8251 USART is 
directly converted to a ± 5 volt signal, with ~5 volts representing the 
"mark 11 signal condition and +5 volts as “space". The output impedance 
of the circuit is approximately A00 ohms. For input data, an operational 
amplifier is used as a sense amplifier and level converter. Input voltages 
greater than + 1.0 volts are interpreted to be in the “space" condition and 
those less than +1.0 volts as “mark". The input impedance is approximately 
2700 ohms. This input will properly sense TTL-level signals, as well as 
EIA - RS-232C signals. 

1.5-A Current Loop Interface 

Current loop signals with either 20 or 60 ma mark currents can also 
be connected to the MCEM-8080. Two optical i sol a tor integrated circuits 
are used to convert between the floating current loop circuit and the 
RS-232 levels. These sensors are separated so that one can be used for 
data input and the other for output (separate current loops - “full- 
duplex" operation). The two circuits can also be series connected to 
provide both data input and output on a single current loop circuit 
(“half-duplex" operation). 

1.6 Parallel Data Input / Output 

A type 8255 integrated circuit (Intel; pp 5“113 to 5”133) is provided 
to allow parallel data interfacing. This device, called the “Programmable 
Peripheral Interface", consists of three buffered 8-bit parallel data ports. 
The software monitor utilizes the 8255 for parallel 1/0 operations. 

1.7 Bus Indicators and Control 

A number of indicators (small LEDs - Light Emitting Diodes) and switches 
are installed along the front edge of the MCEM-8080 circuit board to permit 
evaluation and control of the processor operation. 

1.7*1 Address Indicators 

The entire 16 bits of the 8080 address bus are displayed on 16 LEDs. 

The lamps are grouped in four-lamp clusters, four clusters total. Each 
group of four lamps represents a single hexadecimal (HEX) character, 0 through 
F. An illuminated lamp indicates a logic "1" condition. Within a four-lamp 
cluster, the least significant bit (LSB) is represented by the right-hand 
lamp. Similarly, the right-hand cluster of four lamps represents the least 
significant hexidecimal character. 
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1.7*2 Data Indicat ion 

Eight lamps (in two four-lamp clusters) are used to indicate the 
state of the processor data bus. These lamps are immediately to the left 
of the address lamps. As before, the right-hand lamp represents the LSB 
and an illuminated lamp represents a logical “l" for that bit. 

1.7*3 Bus Control indication 

The four lamps on the extreme left end of the circuit board indicate 
the state of the I/O Read, I/O Write, Memory Read, and Memory Write (left- 
to-right order) signals from the processor. An illuminated lamp indicates 
which of these operations is active. A complete description of the function 
of these signals is found in the Intel manual (Intel; pp 5"7 to 5“12). 

1.7.4 Manual Data Switches 

Immediately in front of the eight data lamps are located two, four- 
section miniature switches. The switches provide manual control of the 
contents of the data bus. These switches can be used to enter data only 
when the Data Bus Override (DBO) switch (to the right of the data switches) 
is in the ON position. The data switch settings at any other time does 
not affect the processor. The switches are arranged in the same manner as 
the lamps, LSB to the right. 

1.7*5 Run / Stop Switch 

A miniature toggle switch on the right-hand section of the board 
(labeled RUN - STOP) allows manual control of the 8080A Ready line. When 
this switch is set to the RUN position, the processor will continue to 
operate (unless halted by the program or some other control). When in the 
STOP position, the processor is halted and only the manual STEP and RESET 
switches will cause processor activity. 

1.7.6 Reset Switch 

The far right-hand push-button switch (labeled RESET) is a momentary 
contact type that can be used to manually reset the 808 OA. A reset operation 
causes the program counter to set to zero and the interrupt flip-flop to be 
cleared. Processor execution commences at location 0000 when the reset switch 
is released. Application of DC power supplies automatically issues a reset 
function. 

1.7*7 Single Step Switch 

The STEP switch (located between the RUN - STOP and RESET switches) 
allows manual stepping of the computer, one MEMORY cycle at a time. This 
switch only functions when the processor has been halted by either the 
RUN - STOP switch or the break point register. it is important to remember 
that some instructions require more than one memory cycle and therefore more 
than one operation of step switch to complete. 
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1.7*8 Break Point Register Switches 

In the middle of the control area of the circuit board are located 
four, four-section miniature switches. These 16 switches form a “break 
point register 11 . Circuitry is provided to compare the value of this switch 
register with the address bus and cause the 8080A to stop operation if the 
two are equal. This function is similar to a programmable stop. Once the 
8080A is halted due to a break point “match 11 , it can only be caused to 
continue running by either manual stepping with the STEP switch or by re¬ 
setting the break point switches to a new value. 

1.7*9 Memory Write and Output Write Switches 

Two momentary switches are located on the far left-hand side of the 
circuit board. These switches allow manual operation of memory or output 
functions. The MEMORY WRITE switch will cause a manual memory write functi 
when depressed, overriding the normal bus control from the 8228 integrated 
circuit. Similarly, depression of the OUTPUT WRITE switch will cause an 
output write function, again overriding the normal control from the 8228. 

1.8 Connectors used on the MCEM-8080 

There are three connectors used on the basic MCEM-8080 circuit board. 
These connectors are used for I/O interface, Power Input, and connection 
to the Universal Processor Bus. Mating connectors for each are furnished 
with the MCEM. 

1.8.1 I/O Interface Connector 

Input / Output (I/O) connections to the MCEM are made through a 36 pin 
circuit board edge connector (0.156“ finger spacing, 18 pin double readout) 
located on the left edge of the board. All three parallel I/O ports of the 
8255 are available on this connector as well as connections for serial data 
The form of serial data to be used is selected with circuit board jumpers. 

1.8.2 Power Connector 

Power connections to the MCEM are made through the 12 pin edge 
connector (0.156“ finger spacing 6 pin double readout) located in the 
upper right-hand corner of the circuit board. The MCEM requires ± 12 volt 
and +5 volt power supplies. 

j.8.3 Universal Processor Bus Connector 

Direct connection to the computer address, data, and control lines 
can be made through the ^0 pin Universal Processor Bus (UPB) connector 
located in the lower right-hand corner of the board. A mating connector 
and attached ribbon cable are supplied for use of this feature. Connection 
of options such as additional memory and the Keyboard/Video Display unit 
is made through the UPB connector. 
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2, Installation of the MCEM-8080 


2.1 Initial Inspection 

Upon receipt of the MCEM-8080, unpack the circuit board and accessories 
and inspect them for evidence of shipping damage. If evidence of shipping 
damage is found, contact the carrier immediately. Before discarding the 
packing material, check that all parts and accessories are accounted for. 

If any are missing, please notify the factory or distributor in writing. 

The following parts and accessories are furnished with the MCEM-8080: 

Accessories and Parts: 

1 - AO pin Universal Processor Bus (UPB) connector with 2 ft. 

of ribbon cable attached. 

1 - 36 pin edge connector 

1 - 12 pin edge connector 

1 - MCEM Operating Manual 

1 - Intel 8080 Microcomputer System User's Manual 

I - Intel 8080 Assembly Language Reference Card 

2.2 Connection of Serial Input / Output Devices 

The MCEM-8080 standard circuitry and software will support serial I/O 
(input/Output) operations in either the 7"*unit ASCII code OR the 5~unit 
Baudot code at a variety of baud rates. The code to be used is selected 
with circuit board jumpers. The MCEM-8080 is usually factory connected 
for the ASCI I code. 

2.2.1 ASCII Serial I/O Operation 

The ASCII mode is selected by strapping pin 22 (DSR) of the 8251 
(circuit number 15, left edge of board) to ground (see Appendix B). In 
ASCII mode, all serial communications is performed with a 7~bit ASCII 
format. This format is: 

1 - start bit (space) 

7 - data bits 

1 - parity bit (set to space) 

2 - stop bits (mark) _ 

II - bits per character 

The serial baud rate timing is screw driver adjustable from 100 to 
600 baud. The unit is factory adjusted for 300 baud (30 characters per 
second). As noted in section 1.5*2, the 555 timer is set to 16 times the 
output baud rate (eg., 16 x 300 = 4800 Hz for 300 baud). Table 2.1 contains 
a list of the ASCII character set used and their corresponding hexadecimal 
values. Common ASCII baud rates and the cor responding oscillator frequencies 
and periods are listed in Table 2.3. 
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Table 2.1 ASCII Character Code 


3 Most Significant Bits 




0 

1 

2 

3 

b 

5 

6 

7 


0 

NUL 

DLE 

SPACE 

0 

e 

P 

i 

P 


1 

SOH 

DC1 

j 

1 

A 

Q. 

a 

q 


2 

STX 

DC2 

II 

2 

B 

R 

b 

r 


3 

ETX 

DC3 

# 

3 

C 

S 

c 

5 


b 

EOT 

DC4 

$ 

b 

D 

T 

d 

t 

in 

■M 

5 

ENQ 

NAK 

* 

5 

E 

U 

e 

u 

QO 

4-» 

6 

ACK 

SYN 

& 

6 

F 

V 

f 

V 

c 

fU 

O 

7 

BEL 

ETB 

' 

7 

G 

w 

g 

w 

u- 

8 

BS 

CAN 

( 

8 

H 

X 

h 

X 

c 

cn 

9 

HT 

EM 

) 

9 

1 

Y 

i 

y 

LO 

4-J 

A 

LF 

SUB 

* 

: 

J 

Z 

j 

z 

in 

fD 

CD 

B 

VT 

ESC 

+ 

y 

K 

[ 

k 

{ 


C 

FF 

FS 

f 

< 

L 

\ 

1 

1 

1 


D 

CR 

GS 

- 

= 

M 

] 

m 

} 


E 

SO 

RS 

• 

> 

N 

/N 

n 

0/ 


F 

SI 

US 

/ 

? 

0 


o 

RUB 

m ix 


ACK 

= 

acknowledge 

FS 

= 

file separator 

BEL 

= 

bell 

GS 

= 

group separator 

BS 

= 

backspace 

HT 

= 

horizontal tabulation 

CAN 

= 

cancel 

LF 

= 

1ine feed 

CR 

= 

carriage return 

NAK 

= 

negative acknowledge 

DC 1 

= 

device control 1 

NUL 

= 

nu 1 1 

DC2 

= 

device control 2 

RS 

= 

record separator 

DC3 

= 

device control 3 

RUB 


delete (= DEL) 

DC4 

= 

device control *4 

OUT 


DLE 

= 

data 1 ink escape 

SI 

= 

shift in 

EM 

= 

end of medium 

SO 

= 

shift out 

ENQ 

=r 

WRU = enquiry 

SOH 

= 

start of heading 

EOT 

= 

end of transmission 

STX 

= 

start of text 

ESC 

= 

escape 

SUB 

= 

substitute 

ETB 

= 

end of transmission block 

SYN 

= 

synchronous idle 

ETX 

= 

end of text 

US 

= 

unit separator 

FF 

= 

form feed 

VT 

= 

vertical tabulation 


Mark = logical 1 

Data is transmitted LSB first. 
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Least Significant Bits 


Table 2.2 Baudot Character Code 


0 

1 

2 

3 

k 

5 

6 

7 

8 

9 

A 

B 
C 
D 
E 
F 


Most Significant Bit (1) 


Letters 

0 

1 

Figures 

0 

i 

BLANK 

T 

BLANK 

5 

E 

Z 

3 

+ 

LF 

L 

LF 

) 

A 

W 

- 

2 

SPACE 

H 

SPACE 

ft 

S 

Y 

1 

6 

1 

P 

8 

0 

U 

Q 

7 

1 

CR 

0 

CR 

9 

D 

B 

$ 

? 

R 

G 

k 

& 

J 

FIG 

BEL 

FIG 

N 

M 

9 

. 

F 

X 

i 

/ 

C 

V 

: 

= 

K 

LTR 

( 

LTR 


BEL 

BLANK 

CR 

FIG 

LTR 

LF 


bel1 (or *) 

blank (non print or space) 
carriage return 
figures case 
letters case 
1ine feed 


Mark = logical 1 

Data is transmitted, LSB first. 
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circuit board. THE MCEM-8080 CAN BE DAMAGED IF THE I/O CONNECTOR IS 
REVERSED (particularly if connected to high-voltage current loop circuits). 


2.6 Universal Processor Bus Connector u ^ 

The processor bus of the 8080A can be extended with a 40 conductor 
ribbon cable attached to the Universal Processor Bus (UPB) connector. 

The total length of this cable should not exceed 2b inches. The total 
external loads should not exceed three standard TTL loads on the address 
and control lines and 5, LOW CURRENT, bus receiver loads on the data lines. 
The connections to the UPB connector are shown in Table 2.6. 



Table 2.6 

Universa 1 

Processor 

Bus Connections 


Pin 

Function 

Pin 

Function 

Pin 

Function 

1 

A12 

15 

A] 

29 

A14 

2 

+ 12 

16 

MEMR 

30 

(NC) 

3 

A10 

17 

A3 

31 

A15 

4 

+ 5 

18 

I/O R 

32 

Locating Key 

5 

A8 

19 

A5 

33 

DB0 

6 

Ground 

20 

I/O W 

34 

DB4 

7 

A6 

21 

A7 

35 

DB1 

8 

Ground 

22 

RESET 

36 

DB5 

9 

A 0 

23 

A9 

37 

DB2 

10 

02 (TTL) 

24 

RDY 

38 

DB6 

11 

A2 

25 

A1 1 

39 

DB3 

12 

(NC) 

26 

(NC) 

40 

DB7 

13 

A4 

27 

A13 



14 

HEHW 

28 

(NC) 




Note: Connections with the (NC) designator may have a function assigned 

but not connected on the factory standard units. 
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3, Operation of the MCEM-8080 


3.1 Software Monitor 

The software monitor supplied with the MCEM-8080 properly interfaces 
the serial I/O port, the parallel I/O ports, the keyboard display option, 
or other user-defined I/O devices. The monitor allows the user to perform 
the following operations. These commands are entered from the console. 

3.1.1 Load hex (hexidecimal) files. 

Large files can be loaded into the MCEM-8080 RAM from the reader device 
by using the following format: 

: 10 0030 00 3E57. 23 8e 

SUMCHECK 
DATA FIELD 
RECORD TYPE 
LOAD ADDRESS 
RECORD LENGTH 
COLON 

COLON: All records must start with a COLON character. Any 

characters preceding the COLON are ignored. 

RECORD LENGTH: The number of load bytes in the data field is 
specified as a number between 00 and FF (0 to 255). 

This is a hexadecimal number and is either two characters 
long or a single character followed by a comma 
(i.e., 07 = 7,) • If a zero length record is entered, 
the load is terminated and control is restored to the 
monitor. 

LOAD ADDRESS: The memory location, into which the first byte of 
the data field will be written is specified here. 

Successive bytes in the data field will be written into 
successively higher memory locations. This number is 
either four characters long or less if terminated with 
a comma (i.e., 032E = 32E,). 

RECORD TYPE: The record type is specified here. With the present 
version of the monitor (Version l.l), all records are 
of type zero (enter 00). 

DATA FIELD: The actual data to be written into memory is specified 
here. These are two character hex bytes and each pair of 
characters is converted to eight bits to be loaded into 
memory. 
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SUMCHECK: This hex byte represents the negative sum of all bytes 
(the load address is two bytes) in the record. The 
SUMCHECK value is such that, when modulo 256 is added to 
all of the other bytes of the record, the total will equal 
zero. This is a validity check on the record. If the 
SUMCHECK fails, an M X M will be printed on the serial 
output device. However, the data will still be loaded 
if the SUMCHECK fails. 

The format used to specify a load file is: 

. L 0 > 

--Carriage Return (CR) 

--Load offset (added to the load address 

portion of the hex records to load memory 
other than that specified, up to four 
hex characters, 0000 - FFFF) 

--L indicates load 

-Prompting period issued by the monitor 

After receiving this command, the monitor will begin searching for 
the first colon. 


3.1.2 Dump or Display 


The contents of memory can be dumped (or displayed) by specifying the 
range to be dumped. The output generated is compatible with the load 
command so that memory areas can first be dumped and then loaded. The 
format of the (dump is in a number of hex records (of maximum length = 

10 H) until the entire range is depleted. For clarity, spaces are 
inserted between the various bytes but the monitor ignores spaces on 
input so that the dumped file is compatible with the load file routine. 

The dumped file is sent to the punch device. The command format is: 


D 300 , 400 V 



Carriage Return (CR) 
First undumped byte 
Comma separator 
First dumped byte 
D (Dump) command 
Monitor prompting period 


This example command will cause display of all memory contents 
between locations 300 H to 400 H - 1 as 16, 16 byte records. A zero 
length record is always added at the end. 
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3.1.3 Insert Memory Data 

Individual locations in memory can be modified by using this command. 
The command format is: 

. I 82E } 


Carriage Return (CR) 
Starting memory address 
I (Insert) command 


*-Monitor prompting period 

The output generated is of the following format: 
82E = 27 



and when done, written into memory. If it is desired to leave the memory 
location unchanged, any non-comma character can be typed. After the new 
data has been entered, the address is incremented and displayed again. 

(Insert memory command, generated by user) 


New data (entered by user) 

Comma (entered by user) 

Response by computer 

82F = 87 (Computer response indicating contents of 

next location) 

If any character between ,, G M and "Z 11 is typed instead of a hex 
character, control returns to the monitor. 

3.1.4 JUMP Command 

Program control can be transferred to a specific location through the 
JUMP command. This command can be used to ,, jump M to a user program or 
subroutine. The format for this command: 


For example, consider: 

. I 82E 

82E = 27 , 2E 

^ TT 
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. J 23 i 


Carriage Return (CR) 

Destination address 
JUMP command 

Prompting period issued by monitor 

3.1.5 RETURN command 

Program control can be transferred to a specific location and the 
CPU registers restored to a predetermined value by executing a RETURN 
command. The format of this command is: 

. R 283 )r 

Carriage Return (CR) 

Destination address 
RETURN command 

Prompting period issued by monitor 
Twelve register values are restored by 
Register 


B 


37 

C 


36 

D 


35 

E 


34 

A 

(Accumu1 a tor) 

33 

PSW 

(Processor Status Word) 

32 

H 


31 

L 


30 

PCH 

(high order program counter) 

2F 

PCL 

(low order program counter) 

2E 

SPH 

(high order stack pointer) 

2D 

SPL 

(low order stack pointer) 

2C 


The initial, value (to be restored) of these registers can be set by 
using an I (insert) command to the memory location used for storage. 

These locations are shown in the above list. Note that, during the 
process of restoring the registers, the stack area indicated by SP 
(SPH & SPL) is used as temporary storage and therefore SP should contain 
a valid RAM address. If the destination address specified in the command 
is zero, the destination is taken from the storage area. 

3.1.6 STOP command 

A STOP command can be initiated at any time at which the monitor is 
expecting a control character by typing an “S" (or any other letter between 




this command including: 


Stored at 
Memory Location 





M G" and n Z“). As explained in section 3*1.^, this will cause the command 
to be aborted and control is returned to the monitor. The monitor will 
then issue a new prompting period. 

3.1.7 EXIT command 

An exit from a program to the monitor can be executed by entering 
a RST 7 instruction or a CALL 38 H. The monitor, upon turn-on, establishes 
an entry at 38 H from which it saves ALL CPU registers and status. This 
command is intended to permit the examination of all CPU registers and 
status while in the process of executing a program. The RST 7 instruction 
saves the PC (Program Counter) on the stack and jumps to location 38 H. 

From here, it jumps to a routine within the monitor which copies all 
registers into a special RAM area. When finished, the address of the 
initial RST 7 instruction is typed out as: 

EXIT 232E (hexadecimal) 

A prompting period is then issued by the monitor. At this point, the 
I (Insert) command can be used to examine and/or change individual registers. 
The memory location used to store the register values is listed under the 
RETURN command. 

The most valuable use of the exit command is accomplished by inserting 
a RST 7 (0PP H) instruction in the program sequence being de-bugged and an 
automatic exit will be executed. The RETURN command can be used to return 
to the program sequence. An interrupt will also cause the exit command to 
be executed since a RST 7 is used as the interrupt vector. 

3.2 Monitor Subroutines 

Several general purpose subroutines are included in the software 
monitor. Some of these subroutines are: 

3.2.1 BEGIN (address 8000 H) 

This subroutine allows general entrance to the monitor mode. It 
initializes all parameters and the USART. 

3.2.2 Cl (Console Input - address 8003 H) 

Cl is a console input routine that will return an ASCII character 
(standard serial I/O) from the console control device and place the 
ASCII code in the A register. The contents of the A and PSW registers 
are modified. Three levels of the stack are used by this operation. 

3.2.3 Rl (address 8006 H) 

This routine is the same as the Cl routine except that the character 
is originated by the reader input device instead of by the console. 

Serial ASCII I/O is standard. 
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3-2.4 CO (address 8009 H) 

This subroutine causes an ASCII character in the C register to be 
output to the console device (serial I/O is standard). The contents of 
the A and PSW registers are modified and three stack levels are used 
by this operation. 

3.2.5 PO (address 800C H) 

This routine is the same as the CO subroutine except that the ASCII 
character is output to the punch device (serial ASCII I/O is standard). 

3.2.6 LO (address 800F H) 

This routine is also similar to the CO routine with the exception 
that the data is output to the list output device. As before, serial 
ASCII I/O is the standard code format. 

3.2.7 CSTS (address 8012 H) 

This is a console status request subroutine which evaluates the 
status of the console input device and returns A = 0 (zero value in the 
A register) or A = 0FF H if an input character is waiting. Since the Cl 
subroutine will only return if a character is input, a call to CSTS can 
be used to determine if a call to Cl is successful (will result in a 
character being input and returned). 

3.2.8 I0CHK (address 8015 H) 

I0SET (address 8018 H) 

A single memory location in RAM is used to define the four input / 
output (I/O) devices. The logical devices available are: 

CONSOLE: Referenced by Cl, CO, CSTS 

READER: Referenced by Rl 

PUNCH: Referenced by PO 

LIST: Referenced by LO 

These logical devices can be ‘'assigned 11 to any one of the following 
physical devices: 

Serial I/O: 

Keyboard / Display 
Parallei I/O: 

User Defined I/O: 

USRIN (address 40 H): A user input subroutine which will 
return an ASCII character in the A register, similar in 
operation to the Cl subroutine. 

USROT (address 43 H): A user subroutine, similar in function 
to the CO subroutine, which will allow output to the user I/O 
of an ASCII character in the C register. 


Uses the 8251 USART 

Optional MCEM-KB/VDU Keyboard/Video Display Unit 
Uses the 8255 Programmable Peripheral Interface 1C 


3-6 



USRST (address 46 H): A user status routine which returns 
A = 0 if USRIN will not return a character immediately and 
A = 0FF H if USRIN will immediately return a character. 

Serial I/O data is processed through the 8251 USART integrated circuit 
and may be either serial Baudot (5~unit) code (DSR pin = "l") or serial 
ASCII (8-unit) code (DSR pin = In Baudot code, the code conversion 

to and from ASCII code is performed by the I/O subroutine and need not be 
done otherwise. For instance, if a call to CO is performed while the console 
is assigned to the serial I/O, an ASCII character should always be present 
in the C register. The monitor routine checks the status of the DSR line 
and performs a code conversion if necessary. 

The Keyboard / Video Display Unit is a HAL Communications option 
available for the MCEM-8080. If a logical device is assigned to the Key¬ 
board / Video Display Unit, the monitor will automatically write the dis¬ 
play screen (output), read the keyboard (input), and check the keyboard 
status. ~ ~ 

Parallel I/O data is processed through the 8255 PPI integrated 
circuit. Port A of the 8255 is used for data output, Port B for input, 
and Port C for control. The seven-bit ASCII code (bit 8 = ,, 0", space) 
is used for parallel I/O. Mode 1 of the 8255 is used (Intel; p 5~123)- 

The user defined I/O capability is provided so that the user can write 
his own I/O subroutines to service particular devices (such as an electrically 
controlled Selectric (© IBM) typewriter, etc.). The monitor automatically 
calls a set of routines which start at location 40 H (USRIN, USROT, and 
USRST) for user I/O applications. When the monitor requests a character 
(Cl, Rl), a call to 40 H is executed. To output a character, a call to 
43 H is executed; if the status of the I/O device is needed, a call to 
46 H is executed. The routines in these locations should conform to the 
Cl, CO, and CSTS format. For example: 


Address: 

40 

H 

JMP 

INPUT 


43 

H 

JMP 

OUTPUT 



f 

f INPUT 

STATUS 


46 H 


INPUT 

^ USER INPUT ROUTINE 
V. OUTPUT USER OUTPUT ROUTINE 


Memory location 3 is used to store the I/O device assignments, 
format of the assignment byte is: 

D7 D6 D5 D4 D3 D2 D1 D0 

1-1-1_1_1 


The 


LIST PUNCH READER CONSOLE 
Contents of Memory Location 3 
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D0 and D1 define the console device 
D2 and D3 define the reader device 
Dk and D5 define the punch device 
D6 and D7 define the list device 


(CO, C!, CSTS) 

(Rl) 

(PO) 

(LO) 


Each two bit set can have one of the following four values: 
bfa assigns serial I/O 

01 assigns Keyboard Video Display option 

10 assigns parallel I/O 

11 assigns user I/O. 


For example: 

Memory location 3 = 10110001 B (B1 H) defines that: 

(a) Console operations are via the optional Keyboard / 

Video Display Unit, 

(b) Reader operations are via the serial I/O device, 

(c) Punch operations are via the user I/O device, 

(d) List operations are via the parallel I/O. 

The monitor automatically sets memory location to 0000 0000 B (00 H) upon 
turn-on and thus assigns all logical devices to the serial I/O port. 

The monitor also checks to see if the optional Keyboard / Video Display 
Unit has been attached to the UPB. If so, memory location 3 is set to 

01010101 B (55 H) which assigns all logical devices to the Keyboard / 
Video Display Unit. 

If, at any time, it is desired to reassign the I/O system, the 
I command can be used. For example: 

. I 03 \ 

will result in a request to change location 3 which contains the I/O 
assignments. 

A call to I0CHK will return the value of memory location 3 in the 
A register. A call to I0SET will write the contents of the C register 
into memory location 3- If it is desired to change the I/O system 
assignments, these routines should be used. 

3.2.9 MEMCK (address 801B H) 

This routine returns the contents of memory location 5 into the 
B register and memory location 6 into the A register. These locations 
are intended to hold the address of the first non-RAM memory address 
and are used by the resident assembler and editor to determine how 
much memory is available to them. The I (INSERT) command should be 
used to set these values if this routine is used. 
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A. System Address Assignments 


The MCEM- 8 O 8 O uses Random Access Memory (RAM), Read Only Memory 
(ROM), Input ports, and Output ports. The address assignments for 
these sections are discussed below. 

4.1 Random Access Memory (RAM) 

The random access memory is used by both the monitor and for user 
storage. The standard MCEM-8080 systems are furnished with 1024 ("1 K M ) 
bytes of RAM - this can be doubled to "2 K n of RAM by the addition of 
more integrated circuits to the circuit board. 

4.1.1 Monitor RAM Usage 


Memory locations between 
The area between 0 and 40 H i 
stack and for temporary storage. User programs should not use these 
storage locations to avoid interference with the monitor. As explained 
in section 3-2.8, the entry points for user I/O assignments are 40 H 
(User Input), 43 H (User Output), and 46 H (User Input Status). 

4.1.2 User RAM Usage 

All RAM in locations higher than 40 H is available to the user for 
program storage. The monitor stack does not take the possible requirements 
of a user stack into account. Therefore, user programs should establish 
a stack in the free RAM area (higher than 40 H). The EXIT command and 
RETURN commands assume that at least three levels (6 bytes) of user stack 
are available and that the user stack is not the same as the monitor stack. 

4.1.3 Optional RAM 

The standard MCEM-8080 circuit board has 1024 bytes ( M 1 K M ) of RAM 
integrated circuits installed. However, additional circuit board space 
and connections are provided that 1024 bytes of RAM ICs can be added, 
for a total of “2 K" (2048) bytes of RAM. Only type 8102A-4 integrated 
circuits should be used to assure compatibility with the rest of the 
MCEM-8080. It is highly recommended that these integrated circuits be 
installed by the HAL Communications factory to assure proper system 
operation. When _the second N 1 K" of 
space he x we e n pU&0^^ TT7e~~ 

does not affect the monitor RAM usage and therefore, all of the additional 
RAM storage is available for user programs. 

4.2 Read Only Memory (ROM) 

The MCEM-8080 uses Read Only Memory (ROM) for non-volatile program 
stage. (Non-volatile = stored data is retained even when power is removed 
from the MCEM-8080. RAM is a volatile memory; ROM is non-volatile.) 

Typical uses of the ROM include storage of the monitor, support subroutines 
for peripheral devices, and user programs. 


RAM is used, j t occupies the address 
^h^fTnTFTorT^of this additional RAM 


^0 and 3F F |H are reserved for RAM memory^ 

cf iifvRh'p. snfTwarp rnonTFor Tnr fTTe " 
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4.2.1 Monitor ROM 


The memory locations between[8000 H and 83FF^H are occupied by the 


softw are monitor program . This program uses a part of the ROM storage 
space on tRe”main MCEM-1I080 circuit board. It is contained in either 
2 - 3624 PROM's, 1 - 8708 EPROM, or 1 - 8308 ROM integrated circuits. 

When the type 3624 ICs are used, the monitor program consumes one-half 
of the available on-board ROM space. When either the 8708 or 8308 ICs 
are used, the monitor consumes one-quarter of the on-board ROM space. 


4.2.2 Peripheral ROM 

Many MCEM-8080 peripherals require support programs (“software") 
to operate. Typical such peripheral devices include the Keyboard / Video 
Display Unit option and the PROM Programmer option. The Keyboard / Video 
Display Unit support software is physically resident on its circuit board 
and logically located between memory locations F800 H and F9FF H. 
Similarly, the ROM containing the software to support the PROM Programmer 
is also resident on the programmer circuit board and the program is 
located in memory locations between F200 H and F3FF H. As additional 
peripheral devices are developed, they will be assigned RAM and/or 
ROM storage in descending locations below F200 H. 

4.2.3 User ROM 


Space is provided on the main MCEM -8080 circuit board for user 
defined ROM storage. These ROMs, however, must be of the same type 
as that used for the monitor software. For instance, if the monitor 
has been supplied in type 3624 ROMs, all four ROM positions on the 
MCEM-8080 board must use the 3624 ROM. However, types 8708 and 8308 
ROMs can be intermixed. User ROM storage starts at location 8400 H 
and extends to 4 f . 

HAI “Commun i cat i onsprovTdes^ ROM prog ramMf^TTirv i ces to MCEM-8080 owners - 
please consult the factory if it is desired to program a PROM. 


4.3 Input / Output (I/O) Assignments 

Various input / output ports have been preassigned in the MCEM-8080 
system. Among these are the 8251 USART 1C, the 8255 PPI 1C, the Keyboard / 
Video Display Unit option, and the PROM Programmer option. 

4.3- 1 8251 USART Integrated Circuit 

The 8251 1C requires two input and two output ports; one input and 
one output port for control and one input and one output port for data. 

The control port has been assigned to port 0B H and the data port is 
assigned to 0A H. 

4.3- 2 8255 Programmable Peripheral Interface (PPI) 1C 

The 8255 1C requires four output and three input ports. Three of 
the ports map directly to the three parallel I/O ports of the 1C. The 
fourth output port is used for PPi mode selection. The 8080 ports 
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corresponding to the 8255 ports are: 


CO 

0 

CO 

0 

> 

Port 

8255 

Port 

1 nput 

0C 

H 

Port 

A input 

1 nput 

0D 

H 

Port 

B input 

1 nput 

0E 

H 

Port 

C input 

Output 

0C 

H 

Port 

A output 

Output 

0D 

H 

Port 

B output 

Output 

0E 

H 

Port 

C output 

Output 

0F 

H 

8255 

Mode Select 


NOTE: There is no Input port 0F H. 

4.3- 3 MCEM-KB/VDU Keyboard/Video Display Unit 

The optional Keyboard / Video Display Unit requires one output port 
and two input ports. These are assigned as 8080A ports 0, 4, and 6. 

See the Keyboard / Video Display Unit manual for further information on 
this option. 

4.3- 4 MCEM-7K PROMPROG PROM Programmer 

The optional PROM Programmer requires four output ports and three 
input ports. These are assigned as 808 OA ports 80, 81 , 82, and 83 . See 
the PROM Programmer manual for further information on this option. 



5. Operating Hints 


Much of the versatility of the MCEM-8080 and the software monitor 
system will be best understood only after practical experience with the 
computer has been gained- This section of the manual contains some 
examples that will help to gain this needed experience. 

5-1 Power-on Start Up 

Several items should be checked out and possibly changed when 
initially installing the MCEM-8080. Among these are the power supplies, 
baud rate, I/O connections, etc. Once these items have been checked 
and corrected (if necessary), the following sequence can be used to 
“power-up 11 the system: 

a. Set RUN/STOP switch to STOP 

b. Set the DATA BUS OVERRIDE switch (DBO) to ON 

c. Set the DATA BUS REGISTER switches to all zeros 
(front of rocker switch down) 

d. Set the break point register (ADDRESS switches) to 8000 H 

e. Apply DC power. 

The address indicators should momentarily light and then extinguish. 
When all address lamps are on (logical ,, 1 H ), the 808 OA is being RESET. 
Once the address indicators are off, the WAIT lamp (far right-hand side 
of the circuit board) should come on and all DATA lamps should be off. 

f. Set the RUN/STOP switch to RUN. 

The 8080A will now run and automatically stop at location 
8000 H (the setting of the break-point register). 

g. Set the Data Bus Override (DBO) to OFF. 

The DATA indicators should now indicate C3 H (1100 0011 B) 
which represents the first instruction in the software 
monitor, a JMP instruction. 

h. Press and release the STEP switch. This causes the 8080A 
to begin executing the software monitor. 

i. If the proper console device is operational (serial I/O 
if the Keyboard / Video Display Unit is not attached), 
the monitor will send the character sequence: ,l CR, LF, 
blank, blank, blank, period 11 to indicate that the monitor 
is ready to accept a command. The system is now ready 

to use. 

NOTE: 

The software monitor writes a jump to monitor instruction into 
location 0 ( 0 , 1 , 2 ) as it is initializing so that once the monitor has 
been entered (at 8000 H) , a RESET (set the program counter to zero) will 
automatically cause an entry into the software monitor. Therefore, once 
an initial entry has been made, it is no longer necessary to go through 
the DBO = ON, Data Bus = 0, Break-point = 8000 H routine again. If power 
is removed or a user program writes data in location 0 , 1 , or 2 , the 
automatic monitor entry on RESET will not operate. 
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5.2 Changing the Monitor Mode 

The software monitor has several operational options. Some options 
should be selected before power turn-on and some after. 

5.2.1 Baudot / ASCII Code 

The serial I/O processing routines can be operated in either 
BAUDOT or ASCII units. The DSR terminal on the 8251 USART (pin 22 
of the 1C, terminal three of the 1/0 connector) is used to indicate 
to the monitor which code is being used. For ASCII code, terminal 
three is connected to ground; for BAUDOT, to +5 volts. The ASCII 
connection is normally furnished on the MCEM-8080. This connection 
must be made BEFORE power is applied to the MCEM-8080. If the state 
of the DSR connection is changed with power on and without first 
performing a RESET, the result may be indeterminate (for example trans¬ 
mitting a 5 bit character to an 8 bit USART, etc.). The placement of 
this jumper is shown in Figure B.l. 

5.2.2 Half / Full Duplex (Echo / No echo) 

In normal operation, characters that are input to the software 
monitor in the form of commands or parameters are retransmitted out 
to the output device so that the operator can view and verify them. 

This is called echoing of the character. If however, the MCEM- 8 O 8 O- 
is to be used in a system which automatically echos the input character, 
external to the MCEM-8080, this feature may be defeated (otherwise a 
double echo would result, causing repeating of the input characters). 

An example of a self-echoing I/O system is the serial loop-connected 
teleprinter in which the keyboard and printer are connected in series. 

To defeat the echo feature, FF H should be written into location 0D H. 
This location is normally initialized to 00 upon monitor entry and will 
be re-initialized upon each new entry into the monitor. The I (Insert) 
command can be used to perform the change by typing: 

.ID)' 

000D 00jJF_ 

000E 00 S_ 

The characters to be typed by the operator are underlined. If the 
double character transmission is occurring, it will appear as: 

. I I D D ) ) 

000D 00 ^ , F F F F 
000E 00 S_ 

As above, underlined characters indicate those typed. Notice that only 
one S appeared because the echo has been turned off by that time. 
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5.2.3 Changing I/O Device Assignments 


As discussed in section 3*2.8 with regard to monitor routines I0SET 
and I0CHK, an eight bit byte is reserved to hold the system I/O assign¬ 
ment. Changing this byte will change the device assignments. Use the 
I (Insert) command to change the byte as explained in section 3-1-3 and 
as in the preceding section (5*2.2). Remember that if the console device 
(Ports 0 and 1) is changed, the new console will be polled for new command 
strings. The I0BYT is set to zero (all devices set to serial I/O) upon 
initialization by the monitor. If, however, the Keyboard / Video Display 
Unit option is attached, all devices are set to it (the monitor checks for 
the presence of the Keyboard / Video Display Unit). In this case, 

I0BYT = 55* 

5-3 Manually Writing a Memory Location 

Two methods can be used to write a memory location,' the easiest being 
to use the I (Insert) command. If it is impractical to use the I command, 
the following procedure can also be used: 

a. Set the RUN / STOP switch to STOP 

b. Set the DBO switch to ON 

c. Set the DATA switches to zero 

d. Set the break-point register to the desired address 

e. Press and release the RESET switch 

f. Set the RUN / STOP switch to RUN 

(The Address indicators should now equal the desired 
memory address) 

g. Set the DATA switches to the desired new memory value 
(number to be stored) 

h. Press and release the MEMORY WRITE switch 

i. Set the DBO switch to OFF 

j. Go to the desired address to proceed with program execution. 
5-*t Manually Jumping to a Program Address 

If, for some reason, the monitor JMP (Jump) command is unavailable 
to perform a jump to a desired program point, the following sequence can 
be used. Note that this is the same sequence as described in section 5-1 
for initial entry into the monitor. 

a. Set the RUN / STOP switch to STOP 

b. Set the DBO switch to ON 

c. Set the DATA switches to zero 

d. Set the break-point register to the desired address 

e. Press and release the RESET switch 

f. Set the RUN / STOP switch to RUN 

(The address indicators should now equal the desired address) 

g. Set the DBO switch to OFF 

h. The program counter is now set. Press the STEP switch to 
begin program execution. 


5-3 



5-5 Manually Writing to an Output Port 

At times it is desirable to be able to manually write data into an 
output port. This can be accomplished by: 

(1) Follow steps a. through h. of the previous two examples 
using the output port address instead of the memory address. 
Remember that I/O addresses are copied twice, once as the 
high order address and once as the low order address. For 
instance, Output Port 23 H is represented on the address bus 
(and break-point register) as 2323 H. 

(2) Press and release the OUTPUT WRITE switch. 

(3) Go to the desired address to proceed with program execution. 

5.6 Using the Break-point Register for Debugging 

The break-point register provides a mechanism for selectively stopping 
the 8080A. During the course of debugging a program, it may be desirable 
to determine when and if a particular string of instructions is executed. 
Setting the break-point register to this address (or I/O port) will provide 
this information. Another use of the break-point register allows use of the 
STEP switch as a “loop execute' 1 switch. If the software being debugged 
contains a loop, the break-point register can be set to an address within 
the loop and the RUN / STOP switch set to RUN. At this point, the 8080A 
will stop each time it passes through the loop and will continue each . 
time the STEP is pressed and released. 

5-7 Using the E and R Commands for Debugging 

The software monitor provides two very powerful commands to aid in 
debugging programs. The E (EXIT) command is a mechanism for saving 
complete context at any point in a user program and entering into the 
monitor. The R (RETURN) command allows return to the user program after 
restoring the complete context previously saved by the E command. The 
E command is invoked by executing RST 7- For example: 

5-7-1 Manual EXIT Command 

When a program is being debugged by manually stepping through the 
program steps (using the STEP switch), it is sometimes desirable to 
examine the contents of some of the internal registers of the 8080A^ (for 
instance the B, A, or PSW registers). However, since these registers 
are internal to the 8080A, they can not be directly examined on the console. 
The following procedure can be used to examine these internal registers: 

a. Set RUN / STOP switch to STOP. 

(If the STEP switch is being used for debugging, the RUN / 

STOP switch is probably already set to STOP.) 

b. Press and release the STEP switch as many times as necessary 
to bring the execution to the first byte of an instruction. 



The E command can only be invoked during the fetch cycle of 
an instruction. For instance, JMP 23F2 is represented by 

C3 

F2 

2B 

in memory. The E command can only be invoked when C3 is being 
read (indicated on the data indicators). 

c. Set the DBO switch to ON. 

d. Set the DATA switches to FF (all "ones" = RST 7)* 

e. Press and release the STEP switch once . 

f. Set the DBO switch to OFF. 

g. Set the RUN / STOP switch to RUN. 

h. At this point, the following character stream should be typed 

on the console device: 

EX IT xxxx 

Remember that if the users program reassigns the I/O assign¬ 
ments or disturbs the USART mode, the console operation may 
be inhibited, "xxxx" in the above character stream represents 
the next address after the one in which RST 7 was inserted. 

i. Type 


. D2C,38)- .' 


The saved register values will now be displayed in the 
following format: 


:0C 002C 00 SPL SPH PCL PCH L H PSW A E D C B SC 

:00 0038 00 

where: 


SPL = 
SPH = 
PCL = 
PCH = 
L 
H 

PSW = 
A 

E = 
D 
C 
B 

SC = 


low order stack pointer, stored at 2C 
high order stack pointer, stored at 2D 
low order program counter, stored at 2E 
high order program counter, stored at 2F 
L register, stored at 30 
H register, stored at 31 
Processor Status Word, stored at 32 
A register, stored at 33 
E register, stored at 3^ 

D register, stored at 35 
C register, stored at 38 
B register, stored at 37 
Sum Check Character. 
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The format of the Processor Status Word (PSW) is: 

D7 D6 D5 D4 D3 D2 D1 D0 

S Z 0 AC 0 P 1 CY 

where S, Z, AC, P, and CY are the corresponding flags. 

j. If, at this point, it is desired to set a particular register 
to a new value, the I command can be used. For example, 

. 133 * 

will allow the A register to be modified. 

k. After the registers have been examined and changed (if desired), 
the R (RETURN) command can be used to return to the original 
program. The return address, however, is not the same as the 
saved address in this case. (Recall that a RST 7 instruction 
was inserted instead of a valid instruction and the saved address 
is one more than the address of the substituted RST 7-) 

To use the R command, mentally calculate 

yyyy = xxxx - 1 , 

where "xxxx" is the address stored and the address displayed on 
the console after the E identifier (see step h). Now type 

.Ryyyy). 

Leading zeros can be omitted. 

5-7-2 Interrupt EXIT Command 

The monitor software and the MCEM-8080 hardware combine to cause 
interrupts to execute E commands (the interrupt vector is RST 7)- There¬ 
fore, if it is desired to execute an E command, it can be instituted by placing 
+5 volts on the INTR (INTERRUPT) line (pin 4 of the 36 pin I/O connector). 

If the user has not disabled the interrupt or written into low memory 
(below 3F H), the following should appear on the console device: 

EX IT xxxx 

All of the techniques for examining and modifying registers listed above 
may be used. However, when a R command is desired, it is not necessary to 
recompute the address because the interrupt method saves the proper address. 

A return to zero command, 


R0^ 

will return the CPU to the program, restoring the registers to their 
states just prior to the interrupt. 
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5-7.3 Programmed EXIT Command 

Many programs have error testing subroutines and the E command 
can be used to perform error exits from these programs. If a RST 7 
instruction is inserted in the program in the error branch, it will 
cause the following to be displayed on the console: 

EXIT xxxx 

If the user tabulates the addresses of all of the RST 7 instructions, 
it is then a simple matter to correlate the “xxxx 11 typed against 
the list. The techniques explained previously can be used to evaluate 
and modify the CPU parameters that existed at the time of the interrupt 
(RST 7). 

A useful feature that results when the RST 7 instruction is used 
as the E command driver is prevention of transfer to non-existent 
areas of memory. Since non-existent memory is generally FF, a RST 7 
will be immediately encountered and control then transferred to the 
E command process. This feature helps prevent the "run away" condition 
that could conceivably rewrite all of memory otherwise. 
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6. Program Examples 


This section contains several example programs to demonstrate the 
features and capabilities of the MCEM-8080. In no case should any of 
these example programs be considered ‘'optimum 11 or “required procedure 11 . 
They are, however, working routines that can be used as starting points 
for more elaborate programs, as subroutines in user programs, or simply 
for ideas as to typical procedures to be used with the MCEM-8080A. 
Except as noted, all example programs will operate in the basic “1 K“ 
memory furnished with the MCEM-8080. 
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7. Software Monitor Listings 


The following pages contain a complete listing of the MCEM-8080 
Microcomputer System software monitor. This listing is provided for 
the sole benefit of owners of HAL Communications Model MCEM-8080 systems 
and remains the sole property of HAL Communications Corp. The listing 
may not be duplicated for any use without the prior permission of 
HAL Communications Corp. HAL Communications reserves the right to make 
changes, additions, or deletions to these computer programs without 
prior notification or obligation to incorporate such changes in prior 
versions of the programs. 
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COPYRIGHT 1976 (C) 

BY 

HAL CflMMUN IC AT T TNS r C R P 


807 E GREEN STREET 

UR B ANA * ILLINOIS 61801 

MCEV MONITOR - DECEMBER 1 Q7A . ... .. 


HAL COMMUNICATIONS CCRP# 

THIS PROGRAM IS CONTAINED IN PROMS (Cl *01 (FIRST HALF ) 

AMP (Op.Q) (SECOND half) __- .... 


THF FOLLOWING ARE VALID COMMANDS FOR THF 


MCE m monitor: 

L < B IA S> LOAD A HEX FORMATTED FILE. 

rHPTK RPR SIAM CHECK ERRORS ...... .. . 


AND TYPE AN 'X' IF ERROR. 

THE VALLE CF THE EIAS IS 

ADDED TC THE LOAD ADDRESS 

Ri KflRF THE DATA TS USITTeN ... ... 


TO MF.MGRY. THE READER DEVICE IS 

USED AS INPUT 

n<sTART> t <'FNn> dump r r ni ^pi ay memory. . 


MEMORY LOCATIONS FROM <ST ART > 

TO BUT NOT INCLUDING < E ND > IS 

DUMPED. THE FORMAT OF THIS 

.... .... .. HUMP T c fflMPAT ARI F WTTH THF 


LOAD COMMAND SO MEMORY AREAS 

CAN 13 E DUMPED AND LOADEC AT 

A LATER TIME. THE PUNCH DEVICE 

I S IKFP AS OUTPUT . 


*«TTHE FORM FOR BOTH L C ADS AND DUMPS IS: 

: cI fnot f><"a nr re rrv<• t ypf > <n a t a rytfss<tr mghfc~k> 


ALL RECORDS APE PRECEEDEC BY A COLON, ALL 

CHARACTERS EETWEEN THE SUMCHfcCK AND THE COLON 

ARE IGNORED. ALL SPACES ARE IGNORED (I.E. SPACES 


CAN 0E CONTAINED IN THE EEC G RD WITH NO EFFECT) 

. <LENGTH> IS THE NUMBER CF DATA BYTES IN THE 

RECORD (QG-FF) 


<ADDPLSS> IS THE LOAD ADDRESS (00C0-FFFF) 

<TYPE> IS NOT USED AT THIS TIME AND IS 00 (IGNORED) 

<D AT A BYT ES > ARE THE ACTUAL DATA , <LENGTH> OF THEM 
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<SMCHECK> IS THE NEG SUM OF ALL BYTES (ADDRESS 
IS TWO BYTES (HIGH AND LOW)) 

EXCLUDING the colon, i.e. the sum of 

--ALL —BYTE S I NCLOD 1 NG--T HL SUM CHECK—I~S— 

FCR NO ERROR. DURING LOAD, IF A 
SUMCHECK ERROR IS ENCOUNTERED, AN 'X' 
IS PRINTED CN THE CONSOLE CEVICt. 


I <L CCAT IQN> INSERT IN THE SPECIFIED 

LOCATION. THE PREVIOUS 
CONTENTS CF THE LOCATION 

--,- I-S—X-Y-P-6C.-TH- E—- CONS OLE— DEDV-I -CE ■ IS - 

USED FOR INPUT AND OUTPUT. 

A *,* IS USED TO OPEN A CELL: I.E. 

-:-1-. res- 

0065 58,74 

WOULD DE THE FORMAT FOR CHANGING 

_ i_CCA.X-.I~CN.—6-5— F ROM_5B_(OLC -VALUip 1 ..JO 

74 (NEW VALUE) 



j<ri_OCATIGN^ G n TC <LOr ATI CN> » a UNCONDITIONAL 


JUMP is EXECUTED'to THE IN¬ 
DICATED LOCATION. INTERRUPT (EXIT 

COMMAND) IS tNABLED BFFCPE THE 
,11 IMP r 


R<LCCATI0N> RETURN TO LOCATION. A RESTORE 

REGISTER JUMP IS EXECUTED TO 

LOOAT ION I ■ M. E c S LC r AT ION = C IN . ' .- 


WHICH’CASE, THE CONTENTS CF THE 

PC SA V IS USED AS THE ADDRESS. 

INTERRUPT (EXIT COMMAND) IS ENABLED 

Bf - F FIRE THE RETURN. - ■ _ 


EXIT COMMAND: a RST 7 WILL EXECUTE AN EXIT 

COMMAND* ALL REGISTERS ARE SAVED 

IN pa h/ prm examination and/or 


MODIFICATION. THE R COMMAND IS 

THE COUNTER OF THE EXIT COMMAND 

AND WILL RETURN THE PROCESSOR TO 

ITR rtRtfiTMl RTATF. AN EXIT ... . . 


COMMAND SHOULD BE PERFORMED PRIOR 

TO AN R COMMAND BECAUSE THE 

stored value cf the sp should be 

IMTAr t (i . i- . phint rn a vai i n . ... . 


STACK AREA. (CTHER THAN THE MONITOR 

STACK ) . 
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i/o assignment: an eight bit i/o assignment byte 

IS STORED AT LOCATION 1CBYTE (03) 

THE VALUE CE THIS BYTE DIRECTS THE 

r ONSOLE» Pt f “ n F n T AND PUNCH (LIST ■ .- 


TOG) TC ONE (EACH) OF FOUR POSS¬ 
IBLE I/C DEVICES. THE FORMAT OF 

IOBYT IS: 


D7 06 D5 D4 D3 D2 D 1 00 

/LIST DEV/PUNCH DEV/PEAD DEV/CCNSOLE / 

tifH r 'EVI<"E CAN PE ASSIGNED TO: .... . 


OOISEKIAL INPUT/CLTPUT (BE51. ASCII CR BAUDOT) 

0 1 :keybu aro display MODULE (OPTIONAL DEVICE) 

1 0 ’ P 1C Al L EL I MPUT / r 1 , T pl IT (Rpss) 


1 1 :USER INPUT/CU TFUT (USER DEFINED ROUTINES) 

ALL NUMERIC ENTRIES can BE TERMINATED 0 Y 


TYPING ANY OF THE CHARACTERS G-Z 


TITLE 1 MC EM —b C 60 MONITOR 1.1* 


CONSTANT DEFINITIONS 
KEYEOARL DISPLAY I/O CONSTANTS 


F 8 C 0 
_F-£-G -A- 

CSPCK 

S D F I n 

EQU 

-EGU 

CFQOOH ; C I S FL A Y PRESENT CHECK 

___tAPCK+HAh:SFT n T RPI AY TO RYTF FNTRY_ 

FE Cl 

F 8 0 7 

F 8 C A 

KB IN 
KBSTS 
□ SPOT 

EQU 

EGU 

EOU 

DSPCK+1 
DSPCK+7 
DSPCK+4 

;KBIN ENTRY 
;KOSTS ENTRY 

JCISPLAY OUTPUT ENTRY 

cce c 

_ 0 OP. 3 

; SERIAL I/O 

CSR ECU 

LRTHM F Q U 

CONSTANTS 

8 0 H 

;DSF BIT IN USART (0=BAD ) 

; l;AKT MflDF FDR BAUDOT __ . .. 

00 IF 

LTRS 

EQU 

1 FH 

;EAUCCT LETTERS 

00 1 B 

FIGS 

EQU 

IBH 

IQAUDOT FIGURES 

CCO 7 

ECAS I 

EQU 

7 

IEAUD0T CASE (INPUT) 

r cce. . 

EC A.90 

JELGU 

CF H 

1 GALOOT CASE (OUTPUT) 

00C 2 

RXFDY 

EQU 

2 H 

;rx feacy test mask 

CCO 1 

TXRDY 

LQU 

1 H 

;tx feacy test mask 

0027 

TXR XE 

EQU 

27H 

;tx,fx enable 

_C C F A_ 

UR T M O 

JE QU 

OF AH 

:7 hits, even pap tty. ? STOP 

CC6E 

IAPTI 

EQU 

6EH 

; INITIAL UART MOCE WORD 

C C 5 5 

UARTR 

EQU 

S5H 

;UART RESET COMMAND 

CCOB 

URTCT 

EQU 

CBH 

; UA R T CONTROL PORT 
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CCCA LRTD A EQU OAH ; U A R T DATA PORT 

; PARALLEL 1/0 CONSTANTS 


CO A 6 

PARMD 

EQU 

0A6H 

;ppi MODE 

FOR PARALLEL I/O 

COOF 

PAFCT 

EQU 

OFH 

;PA R ALL E L 

CCNTRGL PORT 

0002 

PI PDY 

EQU < 

2 

;PARALLEL 

INPUT READY BIT 

.C C C E 

pc; T A T 

EQU 

. OEH 

_4P A R ALL El_ 

status port 

CCOC 

PI NPT 

EQU 

0 L H 

;PARALLEL 

INPUT PORT 

cceo 

PORDY 

EQU 

BOH 

; PARALLEL 

OUTPUT PEADY BIT 

CCOC 

PO TP T 

EQU 

OCH 

; FA RALLEL 

OUTPUT PORT 


; USER I/O CONSTANTS 

0C4 0 U SR IN EQU 40H 

_-0 04 3-'-US ROT_EQU_43H- 

0046 USPST EQU 46H 

; M I SC MONITOR CONSTANTS 


LF EQU OAh ;ASCII LINE FEED 

CR EQU CDH ;ASCI I CARRIAGE RETURN 

4_MQK XXD-R_MJSMD PLY_A L 1. Q CA _T_X CN S___ 

MSZi EQU 5 5MEVSIZE stcre 

MS Z 2 EQU 6 ;MEMSIZE STORE (HIGH) 

IFLAG_EQU___4_; .LNC LR REE. . .TO_ j£ .1T.„F EAG_ 

RGSAV EQU 3 8 hi ; S T A h T CF RESTART STORAGE 

MONST EQU RGSAV-12;MONITOR STACK AREA 

PC 5 A V EQU PGSAV-1 0;LOCATI ON OF PC SAVE 

P SSA V -- E QU-R GS A-V--.6—4 L OC AX I-CN-XJE~ P-S A.V E_ 

IOBYT EQU 3 ;i/C ASSIGNMENT STORAGE 

EXHCM EQU CCH ;STCFAGE FOR ECHO MODE FLAG 

-l—M C-NX-TO R—£cAM—A L LOG A T ILL NX_ 

; C-2 JUMP TO MONITOR CODE 

; 3 IOBYT (1/0 DEVICE ASSIGNMENT) 

-4—4_I EL AL (JLN DX.R E. C J_ C C K S C LE—R EJLE REJsl CE—F_LA_GX _ 

; 5 MS Z1 (LCV: ORDER MEMORY SIZE BYTE) 

; 6 MS 22 (HIGH ORDER MEMORY SIZE BYTE) 

; 7 ECASI (BAUDOT CASE FOR INPUT) 

_ C R SRGL._C CUR S.CR_P_ Q 3 JL XJL.C JV_ . EX R C RT C I S PLAY )_ 

; A CFSAV (UFSET REGISTER COPY FOR CRT DISPLAY) 

I B h* I DC H (CHARACTER HIDDEN UNDER CURSOR) 

; C RPTFG (REPEAT MODE (KEYBOARD.) FLAG) 

~ 4 -C .E CHCM_( ECHC/NQ-ECHO^MILE-FLA G )... ... .. 

; F. BCASO (BAUDOT CASE FOR OUTPUT) 

; F SPARE 

; 10-2C MONITOR STACK 


CCCA 

GOOD 


CCC5 
C C 0 6 

_C C 0. A 

C 0 3 6 
0 0 2 C 
GO 2 E 

-0 03-2- 

CCO 3 
GCOC 


;ENTHY FOR USER INPUT 

_; ENT RY...FOR .-.USER-..OUTPUT ...... 

5ENTFY FOR USER INPUT STATUS 
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; 20-37 REGISTER SAVE STORAGE 

! 3 8-3 A EXIT COMMAND ENTRY JLMP (RST 7) 

; 3B-3F SPARE 


» 

; MACRO DEF INI TIONS 


00 0 0 

1 

1 


TEST 

MACRC 
ANA 
END M 
_OR G-_ 

A 

p n n n h 

;SET FLAGS t CY=0 


800 0 


C32B80 

i 

JMP 

BEGIN 

; VON I TOR ENTRY 


£003 


C 3 9 3 8 1 


JMP 

C I 

-.CONSOLE INPUT 


......... H C* 0 6 


-C2AD Ei_ 


_JMP_ 

R T 

; kf ai:f- r r nput 


cCC9 


C3C681 


JMP 

CO 

;CONSCLE OUTPUT 


6GO C 


C2F101 


JMP 

PC 

; PUNCH OUTPUT 


eccF 


C 3 F 9 £ 1 


JMP 

LO 

;list OUTPUT 


pn \ £ 


„C3C182_ 


JMP 

r^T<; 

;rn\ c m p status 


ex i 0 


C28F82 


JMP 

IOCHK 

; 10 ASSIGN CHECK 


ao i e 


C 3 9 3 82 


JMP . 

IGSET 

510 ASSIGN SET 


80 l t 


C 3 9 8 £ 2 


JMP 

MEMCK 

JMEMCRY SIZE CHECK 


.. phif 


_jC 31 C83_ 


_JMP__ 

r X FR 

;FXRRESSION GETTER . _ 


802 1 


C 2 9 A 8 3 


JMP 

TVPMG 

; MESSAGE TYPER 


£02 4 


C37283 


JMP 

BYTOT 

; S Y T E TYPER 


802 7 


C2CA81 


JMP 

WR DOT 

;\MCPC TYPER 




rc 


RFT 


;fniky for no service rtns 





1 INITIALIZE 

U ART 



Ff)P H 



FFf.lN(! 





8028 


2 14 0 C 0 


LX I 

H t 40H 

;CLEAR MONITOR RAM AREA 


8 02 E 



ego : 





802E 


2D 


OCR 

L 



_ £ C2F 


74 


MOV 

M f Pi 



£020 


C22E.80 


JNZ 

L3G0 



802 2 


3CC3 


MV I 

Mt0C3H 

;SET UP MONITOR REENTRY 


80 3 E 


2 3 


IN X 

H 

;EUf^P ADDRESS 




.3 APB .. 


MV I 

M . BEGIN 

AND DFFH JFNTFR LOW.ADDRESS 


803£ 


23 


I N X 

H 

;eump address again 


8C39 


2660 


MV I 

MtBEGIN 

shr e ;enter high adoress 


803 E 


2E38 


MV I 

L *3BH 

;set UP RESTART ENTRY (RST 7) 


8 02 n 


_2L£C3_ 


MV I 

M * QC3H 



803F 


23 


I NX 

H 



0040 


3645 


M V I 

M tRSTRT 

AND OFF H 


8 04 2 


23 


I N X 

H 



aOA3_ 


- 8 P- 1 


JvLV.I 

M t H3.IR.I 

SHR R 


6 04 5 


3 E A 6 


MV I 

A • PARMO 

JSET PARALLEL I/O MODE 


604 7 


0 3 CF 


OUT 

PARCT 



8049 


3 E6E 


MV I 

A tUARTI 

; UART MODE INSTRUCTION 
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6C4R D3CD OUT URTCT ;ISSUE MODE 

8 0 A D 3 E 5 5 MVI A.UARTR JUART RESET INSTRUCTION 

80 4 F D 3 08 OUT URTCT ; ISSUE INTERNAL & ERROR RESET 

-£C 5 1-3 F FA_ -MV I- A-. U-R T-MO—; S E-T— FINAL- MODE- 

;aucve predefinec presently 

6053 D 3 OB CUT URTCT ; ISSUE CART MODE: INSTRUCTION 

;nf. xt must be command instk 

- eG€-5- -DBOB-IN- UR-T-CT-- ;4-S- SER-I AL— 4-/0— BAUDOT-? - 

6057 E630 ANI DSP ;DSR=C IS BAUDOT (+5VOLTS) 

6059 C264e0 JNZ BG2 INC, MODE IS ASCII 

60 5 C 3E55 MVI A.UARTR ; RE SET LSART 

-6CSE-D 308-CUT- URTCT -—----- 

6060 3 E € 3 • MVI A.URTBM '.SET MODE FOR 5 EIT, 1 1/2 

. 6062 D 30 B OUT URTCT *, STCP. NO PARITY, X64 CLK 

6 C 6 4 BG2: 

— 6 C6-4--3E2 7-MV I— A.-TXRXE—TEN A ELE—XX_AND—R X _ 

6C66 D30B CUT URTCT 

.ecce 312 C 00 lxi sp.monstiset stack pcintek 

6C6B 3AC0F8 LDA OSFCK ;IS DISPLAY ATTACHED? 

-SC 6-E- F45-A5-CP4-0 A 5H-; T H I-E— I-S T-HEH—XE-ST—BY-T-E - 

6C7C CCCAF8 CZ SDPIO JLSE THE DISPLAY ROUTINE 


.END.... OF—I-N-I T I-ALT7A-T--IJ3N—S-E-CUENCE- 


MONITOR MAIN LOOP 


8 C 7 3 

6 C 7 3 

6 0 7 6 

312C00 

2 16683 
_CC9 AB3 

^ain: 

LX I 

LXI 

call 

SPtMONST;RE SET MONITOR STACK POINTER 

HtPMTMG ;FRCMFT WITH PERIOD 

TVPMf, . _ 

6C7C 

CDG561 


CALL 

ECHO 

;get INPUT 

£C?F 

0 6 C 2 


MV I 

B • 2 ' 

;default parameter count 

808 1 

FE4C 


CPI 

• L 1 

;lgad 

_ PC #= ~ 

C A ^ F f 1 


J7 

! nAn 

; v F c 

ecee 

FF4A 


CP I 

• J • 

j S T ART EXECUTION (JUMP)? 

8C 86 

CAE88C 


JZ 

GO 

; YES 

6 C 6 B 

F E4 9 


CPI 

• I • 

; INSERT? 

AOP.n 

rAFOBO 


.1 7 

I Ni^PT 

;y fs . _ . . . ..... 

6C 9 C 

FE52 


CP I 

• R • 

1 RE TURN TO PROGRAM? 

ec 92 

C A 6F 6 1 


JZ 

RLTKN 

; ves 

8C95 

FE44 


CPI 

• D 1 

; C I SPLAY/DUMP? 

_ -acsJL. 

_G2.-7_3flD_ 


_J NZ _ 

_MAi-N_ 

_LML,_EAD_CQMN1AN C . TRY AGAIN_ 


COMMAND SERVICE ROUTINES 


DISPLAY (DUMP) MEMORY TO SERIAL OUTPUT 
THE FORMAT OF THIS DUMP IS COMPATIBLE 
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; WITH THE LOAD (HEX) ROUTINE 


ecs a 

CD1C83 


C ALL 

EX PR : 

GET 2 PARAMETERS 


- e c 9 C- - 

Cl 


POP 

D . 

PUT^^NOINDL 


8C 9 E 

El 


POP 

H 

PUT < S T A R T > IN HL 


8C9F 


01 SP1 : 



LINE OUTPUT LOOP START 


EC SF 

7D 


MOV 

A * L 

LCftRYTE OF CURRENT POINTER 


j~ 0 A 0 

.. Q 610 


AD I 

X 6 

FNC TEST ADDRESS 


ECA2 

4 7** 


MOV 

8 t A 

GOES INTO (Cfc)( ) 


8 0 A 3 

7 C 


MOV 

A » H 

HIGH BYTE OF CURRENT POINTER 


EC AA 

CECO 


AC I 

0 

ADD CARRY OF PREVIOUS ADI 16 


_ fC A 6 

/\ p 


MO V 

r * A 

(CH )*(HI )+1 a 


8 CA7 

6 A7380 


JC 

MA IN 

EXIT IF WRAP AROUND 


60A A 

78 


•MOV 

At E 

L G ft EYTE OF <ENC> 


6 0 A E 

9 C 


SUB 

B 

e- c e + i c) 


a c a c 

4 7 


- MOV 

B t A 

SAVE D I SPLACFMFNT-16 


60A D 

7 A 


MOV 

A t D 

HIGH BYTE CF <ENC> 


£ 0 A E 

99 


SOB 

C 

O-C-CY OF E-IL+16) 


6CAF 

D2EQ80 


JNC 

' DISP5 

SK IF IF >15 LEFT 


£ CD2 

7 8 


MOV 

A f R .... ... 

i.pr.ATF n E OCR 0 length 


6 6 E 3 

C 6 1 0 


ADI 

10H 

(L - 16 ) + 1 6 


6CE 5 

4 7 


MOV 

B f A 

e=D ISPLACEMENT IF <16 


6CE6 

C3BB8C 


JMP 

D I SP2 

SKIF SINCE <16 


ECE5 


o I S P 5 • 





6 C a 9 

0610 


MV I 

E * 1 0 H 

CO 16 BYTES PER ITERATE 


60ED 


D I SP2 : 





GORE 

E 5 


PUSH 

H 

SAVE ADDRESS FOR MSG 


_ QQ £ £_ 

2 1 R 4 8 3 


| y y 

H+CRCO - 

CR.LF. . . . .: . .. 


QOEF 

CDED82 


CALL 

TVPMP 

TYPE IT 


ecc 2 

E 1 


POP 

H 

RETRIEVE ADDRESS 


ECC3 

05 


PUSH 

D 

SAVE < E N D > 


«aojco— 

_ 1600 - - 


_MYI_ 

n f n 

7PGP SliMfHPrK RVTF 


eoc6 

78 


MOV 

A , B 

GET LENGTH 


acc 7 

CCA082 


CALL 

BYTOP 

PRINT THE LENGTH 


8CC A 

CDE482 


CALL 

WRDOP 

TYPE BEGIN ADDRESS 


_8 a cc__ 

_AF _ 


XR A 

. A. 

MAKE TYPF 7FRQ 


80CE 

CDA 082 


CALL 

BYTOP 

CUTPUT TYPE 


80 C 1 

78 


MOV 

A, B 

TEST FOR FINISHED 



1 

4 

TEST 


ZERC LENGTH IS END 


__£0C 2_ 

_L A.7. • _ . 

4 

AN A 

A 

SET FLAGS . CY=0 


eoc 3 

C A 7 3 8 0 


JZ 

MA IN 

GET NEXT COMMAND IF DONE 


6 CD 6 


c i sp 3 : 





ecce 

7 E 


MOV 

A • M 

TYPE RECORCS 


_,.8CD_7__ 

C C.AGJ3.2 _ 


_CALJ_ 

BY TOP 

PRINT IT 


8 CCA 

2 3 


I NX 

H 

EUNP POINTER 


6CCB 

05 


OCR 

B 

SUMP FARM COUNTER 


eccc 

C2C680 


JNZ 

D ISP3 



_ecc F— 

AF 


_ XIv A _ 

A 

FflKV SLMCHEf.K 


eoEC 

92 


SUB 

D 

SUMCHECK = -D 


8CE 1 

CDAO62 


CALL 

8YT0P 

OUTPUT SUMCHECK 


Q0E4 

D1 


POP 

D 

RETRIEVE <END> SAVED 






0 PAGE 6 


aoec macro assembler, ver 2.2 MCEv-ecao mcmtcr 1.1 errors = 


QCE E 

C3SF8Q 


JMP 

D I SP 1 

500 ANUTHER RECORD 




» 

r. n 

cm IT FVP 






; EXIT5~VIA~ 

JUMP TO T 

HE USERS ROUTINE 




; AFTER REST CR I KG THE 

USERS REGISTERS 


p r p p 

* 

1 

zn * 





80 E 8 

CD2663 


CALL 

WRDIN 

;get jump- address 


8 CEE 

FB 


E I 


{ENABLE EXIT COMMAND 


act c 

09 


. PCHL 


;JU.VP THERE 




INS 

ERT DATA COMMAND 





J ALLOWS HEX 

DATA TO 

BE SECLENTIALLY ENTERED 




T HP 

TNiC;r.QT P UNlfTTfllsI 

IS TERMINATED BY a THAR 




BETWEEN G 

AND Z. 



act c 

: 

NSRT : 





_ 8 C F D 



FALL 

tv p D I m 

;get insert address 


6 OF C 

insti; 





ecFo 

E 8 


PUSH 

H 

;SAVE ADDRESS 


8 CF 1 

21AD83 


L X 1 

H,CRMG 

;type cr/lf 



C A26 3 


C AL L 

T YP l 



8 CF 7 

El 


POP 

H 

;EET RIEVE ADDRESS 


QCF a 

CDCAOl 


C ALL 

W ROOT 

;typf. address 


6 CF 5 

7 E 


MOV 

A • M 

;GET PRESENT CELL VALUE 


.. P ok c 

C C 7 B 8 3 


C ALL_ 

F t n t 1 

; TYPE IT 


8 CFF 

CDF 162 


CALL 

E IT 

;CHECK IF CHANGE IS DESIRED 


8 102 

FE2C 


CP I 

» * * 

;LSE * TO OPEN THE CELL 


8 10 4 

C2CB81 


JNZ 

INST2 

;SKIP BYTE READ IF NOT * 


-8 1 0 7 

C D 4 E 3 3 


CALL 

BYTIN 

;r,p 7 NF ^ VALUE (FXIT FROM HERE) 


Q 10 A 

77 


MOV 

M * A ~ 

;STCRE IT 


£1013 

INST2: 





810 0 

2 3 


IN X 

H 

5M0VE TC NEXT LOCATION 


jg 1 0 f 

ripn^O 


JMP 

T MS T 1 ___ 

_: S. T A P T MF Y T 1 T ME _ 




' 

LOAD 

HEX ROUTINE. THIS ROUTINE IS COMPATIBLE WITH 




ROTH 

T HP TAT A r,FMF«ATFH BY THF O COMMA N1H AS WF1 1 




AS THE HEX 

FILES GENERATED BY THE ASSEMBLERS AND 




COMPILERS • 




__ £1 OF 

I 1 






a 10 F 

05 


DCR 

B 

;GET BIAS VALUE 


811 C 

C D1C 63 


CALL 

EXPR 

;USE NORMAL PARAM 


81 1 3 

LDO : 





..~™~ 8 1 1 3— 

_c c a o a i 


CALI_ 

p 1 

;cFACfH FOR •r » 


3 118 

D 8 3 A 


SUI 

1 ; 1 



8118 

C2 1381 


JNZ 

LDC 



3110 

57 


MOV 

D * A 

IZcRO SUMCHtCK 
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611C CDC682 CALL BYTIR ;GET RECORD LENGTH 

n 11E CA7380 JZ MAIN IEXIT IF ZERO LENGTH 

3122 Cl POP P ICET BIAS 

-8123_F 5—-PUSH-PSW-(SAVE -RECORS-LENGTH- 

8124 COCB62 CALL WPDIR !GE T LOAD ACDRESS 

8127 09 CAD B IADD BIAS 

8128 FI POP PSW ;PETF«IEVE RECORD LENGTH 

6 12 9-G 5--PUSH-B-ISAVF. BIAS- 

8 12 A 47 MOV D • A ”,FUT LENGTH IN B 

8 12 E CDC682 CALL BYTIR '.GET RECORD TYPE. 

812 E LD1 : 

3 1 2 E-C C C 6 82--C A L L-BYT I-R-; G E-T -S Y IE- 

8131 77 MOV M.A JSTGRE IT IN MEMORY 

8122 23 INX H JNCVE TC NEXT ADDRESS 

8122 0 5 DCR B 1 DECREMENT RECOPC LENGTH 

-8 12 4—-—C22E8 1 _IN7-LD 1--—J L COP-UN T.I L . RECORD—DUNE - 

0137 CDC6S2 CALL EYTIR I GET SUMCHECK EY TE 

812 A CA1381 JZ LDO JSUMCHECK WAS ZERO 

813 C C E 5 8 MV I C.'X* ITYPE E FOR SUMCHECK ERROR 


-81 -2 F- CDCX684 --CALL - C-3— 

3142 C21381 JMP LDO 



STACK FORMATS FOR RESTARTS: 

USER STACK 

p rj- ... _ _ 


PHL 

H 

L 

A . . *. ... _ . . ... . . 


PSW 

MONITOR STACK 

B ( 27 ) 

C - ( 3 a ) . .. 


6 (35 ) 

E ( 34 ) 

A (23) 

(3?) - - .. . . 


H (21) 

L ( 20 ) 

PCH (2F) 

pri i;n 


SPH (2 c) 

SPL (20 

MONITOP STACK STARTS AT 2B 


EXIT COMMAND PROCESSOR. WE GOT HERE BY DOING A 

RST 7 UNIT SEQUENCE WRITES THIS ADDRESS INTO RAM 

AT 28HJ SQ PC . IS ALP.FADY ON USFR STACK. SAVE HL 


AND PSW ON USER STACK TC MAKE ROOM TO WORK. SAVE 

REMAINING REGISTERS IN RAM IN SAVE AREA AND THEN 

TRANSFER THOSE STILL CN USER STACK TO SAVE AREA. 
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» 

9 

9 

A TOTAL OF 6 BYTES OF USFP STACK ARE NEEDED. USER 

STACK MUST NOT BE THE SAME AS THE MONITOR STACK 

ONCE FULL RECOVERY HAS BEEN ACCMPLISHEC. WRITE THE 

innncci, tut r.rr r _ 11 f hf;; r n tup rriu^ni f . . _ _ 

6 145 

0 14 5 

14 £_ 

E 5 

p cz 

• 

RSTRT: 

PUSH 

P i i 

H 

PSW 

1SA VE HL ON USER STACK 
;CftVE 

6 14 7 

2 1C0 00 


LX I 

H , 0 

;GE7 SP VALUE IN HL 

6 14 4 

39 


DAD 

SP 


0 14 E 

2 138C0 


LX I 

SP ,RGSA V 

;SET LP SP FOR SAVE AREA 

0 1 4F 

C 5 


. _ PUSH 

B 

; c A V F S r 

014F 

05 


PUSH 

5 

iSAVE DE 

6 150 

5E 


MOV 

E * M 

;MCVE A,PSW TO SAVE AREA 

6 15 1 

23 


I N X 

H 


6 15 2 

.5 6 ' 


MOV. 

OtM 


6 15 2 

22 


IN X 

H 


6 15 4 

D 5 


PUSH 

D 

;they are in de 

6 15 5 

56 


MOV 

E » V 

;MOV HL TO SAVE AREA 

„8 1 5 6_ 

2 2 


I NX 

H 


6 157 

56 


.MOV 

D * M 


6 156 

22 


I NX 

H 


6159 

05 


PUSH 

D 

I THEY ARE IN DE 

_£ 1 5 A _ 

_5E—_ 


MOV. 

. F f M 

;^n\y pr rn ravf arfa 

£ 1 5E3 

2 2 


IN X 

H 


6 1 5C 

56 


MOV 

D ♦ M 


£ 150 

22 


1NX 

H 


15 E _ 

_Q c;_ 


plKh 

n 

: thp v acf t n nr 

£ 1 5 F 

E 5 


PUSH 

H 

;SAVE SP IN SAVE AREA 

e ieo 

2 16 0 6 3 


L X I 

H y RS MG 

;tyfe exit identifier 

6163 

C 0 9 A 8 3 


CALL 

TYP.MG 


—6 -1-6-6— 

__P E C 0- 


..LHL D 

pr C ( a v 

;r,pj thf r 4 j } i m n a p pp e S S 

816 9 

CDCA 01 


CALL 

WRDOT 

1TYPE IT ON CONSOLE 

6 1 6 C 

C3730O 


JMP 

MA IN 

IGO TO MAIN LOOP 


--4_ RE T URN- PROCESSOR •-R ECCVE.fi—ALL —ftLGX8-I TP.S—E R OM—J-H E— 

*, SAVE AREA AND THEN RETURN TO WHERE EVER THE PC SAV 
; INDICATES. ONE PARAMETER IS GATHERED, AND IF IT 
; IS NCN-ZERC, ITS VALUE IS SUBSTITUTED FOR THE PC 
_,_;_SAV-- EEFOR E . RELIU-RNINGl^ _ 

eic-F retrn: 

816 F CDS 6 83 CALL WRDIN ;GET ONE PARAMETER IN HL 

£ 1 72 . -7C_MQV_ A_Ud_L-TE-ST—-1 _ E_ I T _ IS 7 FRn _ 

8173 EE ORA L 

£ 17A CA7A81 JZ RETR1 JHL = 0, DONT WRITE PC SAVE 

6177 222E00 SHLC PCSAV 1STCRE NEW DESTINATION VALUE 

-81-7 A___REXR-1T_______ 

£ 17 A El POP H JGET STACK POINTER 

617 B D1 POP D 1GET PC 

817 C Cl POP B lOET HL 
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8 1 7 C 

a i7F 
a 17 f 
8 160- 
Q133 
3 i e a 
6 185 
-6 1 6 6 — 
0187 
8180 
6 189 
-81c A-— 
6 1 6 B 
6 1 6 C 
6180 
-ei8E— 

8 18 F 
Q 190 
8 19 1 
-849-2- 


F9 
D 5 
C 5 

212200- 
5 E 
22 
56 

-P-3_ 


D 5 
5 E 
22 
- 56 - 
22 
4 E 
23 
-4-6- 
F 1 
E 1 
FB 
-C9- 


SPHL 
PUSH 
PUSH 
LX I — 
MU V 
I NX 
MOV 
4NX— 
PUSH 
MOV 
IN X 
-MOV — 
I NX 
MOV 
I NX 
-MOV— 
POP 
POP 
EI 

-RET— 


D 

B 

•Hi 

E * 

H 

D* 

-H— 


;restcre stack pointer 

iFUT PC CN STACK 
;PUT HL ON STACK (TEMP) 
PSSAV -;MOVE - A . PS W--F ROM STACK— 
M ;LSE DE AS BUFFER PAIR 


M 


D 

E * 

H 

-D-*~ 

H 

C • 

H 

-£■* 

PS 

H 


;SAVE FOR A 

;reccver DE 


WHILE ON SACK 


;RECCVER BC 


;reccver a*psw 
;reccver HL 

; ENABLE INTERRUPTS 
- 4-RE-CCV ER--P-C- 


(RST 7) 


CCNSCLE 1NFUT ROUTINE. 
THE BOTTOM TWO BITS OF 
-T-CL -Rie-TJU^N^-x>-A-&JVcr:s:P-^ 


THE DEVICE INDICATED BY 
IOBYT IS CALLED AND EXPECTED 
_ IHE-C HA-RACTER—REX URNS_LN— A_ 


8193 

8 193 

_£ 1 S £_ 

3 AC 3 0 0 

Cl : 

LD A 

IOBYT 

« 

GET IQ ASSIGNMENT 

6196 

E 6 93 


ANI 

3 

t 

TEST BOTTOM BITS 

8198 

C A 2 882 


JZ 

CHI 

t 

ZERC IS SERIAL INPUT 

819 0 
& D_ 

3D 

CA01F6 


OCR 

i ^ z 

A 

k B IN 

* 

PNE is k F vpn AC ;n jmd i it 

819F 

8 1A C 

3D 

C240C0 


DCR 

JNZ 

A 

USR I N 

« 

NOT TWO IS THREE (PARALLEL) 


_D_AR4 EL-EL—LNPU-T- 


-LS— EXP.E.CXEO- 


81 A 3 

8 1 A 3 

n p p p 

; ON THE B PORT OF THE 

par in: 

TN PSTA T . 

8 1 A 5 

E6C2 

ANI 

P I RDV 

0 1 A 7 

C 4 A 3 8 1 

JZ 

PARI N 

81 A A 

DPOD 

IN 

PI NPT 

Ml AC _ 

_C9_ 

_REX_ 



TRUE DATA IS EXPECTED. 


-TjGE-J _IHE_g-QRT.. — SXAXUS- 


;TF.ST INPUT READY BIT 
LOCP TIL IT IS READY 
IREAC THE CHARACTER 


READER INPUT. BITS 2 AND 3 OF 
CONTROL TC THE PROPER DEVICE. 
RETURNED IN THE A REGISTER. 


IOBYT ARE USED TO 
AN ASCII CHAR IS 


DIRECT 


61 AC 
8 I AO 
81E0 


R I 


3 A C 3 0 0 
IF 


LD A IOBYT ;GET 10 ASSIGNMENT 

RAR ;MOVE THE BITS IN QUESTION 
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81E 1 IF RAR J TC THE BOTTOM TuO BITS 

6 IE 2 C3S661 JMP IBPCH (BRANCH TO PROPER ROUTINE 


(--CONSOLE- E C H G- ROUTINE.-G ETC H A R A C T E R- A N O-T HE N 

! THE MODE IS ASCII. ECHC IT. 


LF- 


81E 5 - echo: 

8 1 E-§- C&FG81-C ALL-G-I-(-G&T—GHTUX-FROM—CONSOLE- 

eiee 4F mov c,a (vcve it into c for output 

eies f s push psw ;cutput might destroy it 

3 IE A 3 A 0 D 00 LDA ECHOM (SHCULD WE ECHO? 

-j-+-TEST— -( ZF RC--1 S - YES- --- 

81E C 1 A7 + ANA A ISET FLAGS , CY = 0 

81E E C2C881 JNZ ECHOl (DON'T ECHO ANYTHING 

81C1 3AC4CC LDA IFLAG (DON'T ECHO IF INCIRECT MODE 

-1-*-TEST--- 

8 1C 4 1 A 7 + ANA A (SET FLAGS . CY = 0 

81C E CCC681 CZ CO (ECHC IT IF NOT INDIRECT 

eiee ECHOlt 

ai c e—— f- i- fop- -P- sw -; reccv e r-t h e—char alter -— 

81CS C9 RET 


WORD OUTPUT RTN 

- O U-T-PUT- S 4 AS C I I C O DED- H EXTIG ITS 


e ic a 

8 1C A 

a ice 

C 5 

- 7 C_ _ 

rtRDQT: 

PUSH 

MOV 

B 

eicc 

C 07 B83 


CALL 

BTCT 1 

8 1 C F 

7 C 


MOV 

A *L 

8 1D 0 

CD7B83 


CAL L 

ETOT 1 

-84~C^— 

-C4r- 


POP 

-E-,— 


(DECODES AND PRINTS HEX 
(SAVE BC REGISTERS 

4T6-E.I T— « _XN— ( HI _1- 

(SPIT OUT HIGH BYTE 
(GET LOW BYTE 
(SPIT OUT LOW BYTE 


( SPACE OUTPUT RTN 

8104-SPA-CO.:_ 

81D4 0E20 MV I C,' * 


CONSOLE OUTPUT ROUTINE. THE IOBYTE IS EXAMINED 

- T O..-.D EXERMXNE- -T.H E . P R OPX1R I a. -OEV-ICE-._XHE- VALUL- OF. 

THE C REGISTER IS THFN CUTFUT VIA THAT CEVICE. 


ice 

10 6_ 

—3AQ3.aa_ 

co: 

_ LQA _ 

T n p y t 

;rp t m a ^ ^ t(^kimfkit 

1C 9 


cbrch: 




109 

E e 0 3 


ANI 

3 

(BRANCH BASED ON BOTTOM 

ice 

CA4B82 


JZ 

CHO 

(ZERO IS SERIAL 10 

ICE_ 

-3 C_ 


prp 

A 


1CF 

C AC4FQ 


JZ 

DS POT 

ICNE IS CRT DISPLAY 

1 E 2 

3D 


DCR 

A 


1E2 

C 243 C 0 


JNZ 

US ROT 

(NOT TWC IS THREE (PARALLEL) 


NOT TWC IS THREE (PARALLEL) 
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; parallel output routine. alpha characters are 
; OUTPUT ANC control characters ament, a line feed is 

USED TO DETERMINE- THE END CF-THF LINE AND - DM IVES —A- 

; RUN OUTPUT. THIS INTERFACE IS INTENDFD TO DRIVE" 

; EASIC LINE PRINTERS. 


~Q IE 6 — 
Q I E 6 

DECE 

-p . AROT- - 

IN 

PSTAT 

'.GET THE PORT STATUS 

61E6 

teeo 

AN I 

PCRO Y 

JTEST OUTPUT READY BIT 

8 It A 

CAE661 

JZ 

PAPOT 

ILOCP TIL IT IS REALY 

~B IE D_ 

_7 ^_;_ 

MOV 

A , r 

... ; i Ht CHARACTER IS INC 

0 1 E E 

D2 0C 

CUT 

FOTPT 

;CUTFUT THE DATA 

0 1F 0 

C 9 

PET 




PUNC H—G UTP UT—R CUT-IN E-.-EI T S —4—AN D - 5 -OF—T HE IOB-Y J - 

DETERMINE THE PUNCH DEVICE. A CHARACTER1S EXPCETED 
IN THE C REGISTER 


-84 F-l--PG-i 


0 1F 1 

3A0300 

L D A 

I 0 BYT 

;GET 10 ASSIGNMENT 

8 IF 4 

07 

PLC 


JMOVE BITS A AND 5 TO 6 AND 7 

0 1 F 5 

07 

PL C 


ISO THAT THEY CAN BE MOVED 

-£1 F-£ - 

—C3H-C-84__ 

___ MAP 

_ECU 

1-X-O—XH-E_COFLSOL-E-.RCS I T I ON 


LIST OUTPUT ROUTINE. EITS 6 AND 7 OF THE ICDYT 
DETERMINE THE LIST DEVICE. 


8 1 F 9 


lo : 



0 IF 9 

3 AC 3 C 0 

L D A 

I 0 BYT 

;GET THE 10 ASSIGNMENT 

0 1FC 


. lci : 



- ~£1FC 

_ 0 7 

, ...•..PLC- - 


;wn\/F r i T ^ a Amh 7 to thf 

0 IF D 

0 7 

PLC 


;console POSITION 

6 IFE 

C3C981 

JMP 

QBPCH 

;eranch to prcper routine 


jCO N SOLE—LNPJJLT—S- T AXJU-S—R-GLX IKE*_ IH£__SE L-ECTED - 

CONSOLE DEVICE IS I NT E R CG A TED TO DETERMINE IF A 
CHARACTER IS WAITING. A ZERO IS RETURNED IF NO 
CHARACTER AND A -1 IF THERE IS A CHARACTER. 


6 2 0 1 
820 1 
0204 
.82 0 6 _ 

3 AC 30 0 

E 6 C 3 

C21102 

csts: 

LD A 
AN I 

_ JNLZL 

8 2 C 9 

8 2 0 E 

6 2 C E 
£ 2 C X_ 

DoCB 

E6C2 
r f 

cstsi: 

IN 

AN I 
R7 

020 E 

3 EFF 


MV I 

62 10 
821 1 

C 9 

CST S2: 

PET 


IO BYT ;to H A T IS CONSOLE DEVICE? 

3 JURANCH ON CONSOLE ASSIGN 

CSTS? 17 F R C IS SERIAL. DO IT_ 

URTCT ;GEr USART INPUT STATUS 


RXRDY 


LZ EJLC_LS--.NQ-.CHAR._ 

'.NON ZERO IS CHAR. USE -1 


A.OFFH 
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82 1 1 

62 12 

62 I 5 

3D 

CAC7F8 

3D 

_ q 24 60 Q_ 

OCR 

JZ 

DCR 

_ JNZ 

A 

K0ST5 

A 

_ _ u S P 5 T 

JONE IS KEYBOARD 

;TWC IS PARALLEL 

_ 82 19 

DECE - 

9 

l PARALLEL 
♦ 

I N 

INPUT STATUS 

PST AT 

PCUTINE 

t^ET THE PORT STATUS 

8210 

C 3 C 082 

JMP 

CSTS1 

;lse uart test and set 


CHARACTER INPUT ROUTINE (SERIAL). IF THE MODE IS 
-BAUQOT—T-H-E—I-NPUIX-. CHA-RAC-TER-I5-CCKVEfi-T-EO—-T-Q—A-S-C-I-1-»- 
IF THE CHARACTER INPUT IS A CASE SHIFT CHARACTER. 
THAT SHIFT IS DONE AND ANOTHER CHARACTER IS WAITED 
FOR. 


62 IE 


chi 1 : 





8 2 re 

E S 


PUSH 

H 

;SAVE SCME REGISTERS 

* 

82 1 F 

D 5 


PUSH 

• D 



82 2 0 

2 1BE83 


LX I 

_H , BDT At 

3 ;get ^FT to convert 


8223 

DECA 


IN 

URTDA 

;GET THE 5 BIT CHAP 


82 2 5 

5 F 


MOV 

Et A 

;SAVE IT IN E 


8226 

3 A C 70 0 


LD A 

ECASI 

;GET THE CASE TO MAKE IT 6 


822 9 

B3_ 


. ORA .._.. . 

.... F 

APPEND THF CARR (0 OR 20H) 


82 2 A 

5 F 


MOV 

Et A 

;get TOTAL IN DE 


82 2 B 

1 eco 


MV I , 

D ♦ C 



822 C 

19 - 


DAD 

D 

CALCULATE THE TAELE ADDRESS 


822 E _ 

7E 


Mnv 

A t M 

;r,FT THF ASCII CHAR 


82 2 F 

D 1 


POP 

D 

; RECOVER SCME REGISTERS 


8230 

E 1 


POP 

H 



1 


+ 

TEST 


’♦NEGATIVE INDICATES THAT IT 


—_ ,-823-1 _ X 


. + . . ...... 

ANA 

A 

_ ;<=ft FLAGS 9 ryzzO 


8222 

FO 


RP 


;CASE CHAR, IF NCT, RETURN 


8233 

E 8 2 0 


ANI 

20 H 

IALLCW ONLY 0 DR 20H AS CASE 


8 2 2 5 

32C7C0 


STA 

BCASI 

;fut ca^se away for later 


82 38— 


ch i: 





823 8 

DBCB 


IN 

urtct 

;get usart status 


8 2 3 A 

EEC2 


AN I 

RXRDY 

IIS THERE a CHARACTER? 


£23 C 

CA3882 


JZ 

CH I 

INO, LOOP UNTIL THERE IS 


__823 F 

0 8- 0 B _ 


\ N 

URTrr .... 

.; C F T...THE _ST AI.U_S_.Af, A I N ( MflD E ) 


82 A 1 

E 6 £0 


AN I 

DSR 

IWHAT IS THE MODE? 

_ 

8 2 A 3 

C A 1 E 8 2 


JZ 

CHI 1 

IZERC IS BAUDOT, CONVERT 


0248 

D B C A 


IN 

URTDA 

INOT BAUDOT, SIMPLY INPUT 

J 

__ 82-4 £ 

_E:.6-7E_ 


ANT 

7FH 

I GUI. MAKE IT 7 BITS FIRST 


624 A 

C 9 


RET 





SERIAL CHARACTER OUTPUT ROUTINE. THE MCDE IS 

-CHE CKE-U_.AND._.I.E_iT_-.IS _.EALDQJ •_THE_.CH ARA. CTER I N .THE_... 

C REGISTER IS CONVERTED TC OAUCOT PfICR TC SENDING 
OTHERWISE.IT IS SIMPLY OUTPUT TO THE USART. IF 
A CASt CHANGE IS INDICATED, THE CASE CHARACTER IS 
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; TRANSMITTED PRIGR TO THE ACTUAL CHARACTER (BAUDOT 
J MODE ONLY). 


-- - - 82 4 e 

624 e 

824 C 
8 2 4 F 

_ ____ p 2 c 2 


cece 

F.66C 

C A5D82 

— cho:~ 

IN 

AN I 

JZ 

URTCT 

DSR 

CH02 

(DETERMINE MODE FIRST 
;0=EAUDGT 

(BAUDOT MODE, GO CONVERT IT 

6252 


DBCB 


IN 

URTCT 

(TEST FOR READY AND OUTPUT 

6254 


E6C1 


AN I 

TXRJY 

(THE CHARACTER IN THE C REG 

6 25 6 


C A5282 


JZ 

CHOI 


p n, C. r 


7 q 


MOV 

A/ 









625 A 


C 2 C A 


GUT 

UR ID A 


626 C 


C5 


RET 



8 2 5 C 



CHC2 : 




P 2 c 0 


E 5 


pi)SH 

H 

? 8 A V E SOME REGISTERS 

8 2 5 E 


D 5 


PUSH 

D 


6 2 5 F 


2 1 EE 8 3 


L X I 

H.60TAB 

(SEARCH THE TABLE FGR A MATCH 

8262 


1640 


MV I 

D. 64 

; THE TABLE IS 64 CHARS LONG 

62 ^ A 


7 5 


MOV 

A t C 

\ COMPARES AKp_ CONE IN A - - . . 

82 6 5 



CHO 3 : 




8265 


EE 


CMP 

M 

;COES THIS ONE MATCH? 

826 6 


CA7082 


JZ 

CH C4 

;VESt EXIT LOOP 

.. . F P F q 


? “ 3 


T MX 

H 

; P11.VP AO 0 HESS -- 

626 A 


1 5 


OCR 

C 

;CECRFASE COUNT 

826c 


C 26 5 62 


JNZ 

CHQ3 

SCONTINUE TC LOOP TILL ZERO 

8 26 E 


1 64 0 


MV I 

D.64 

;IF NO MATCH. PRETEND BLANK 

- p 2 7 C 



CHQ4- * 




6 2 7 C 


3E40 


MV I 

A . 64 

;ACTUAL VALUE IS 64-COUNT 

6272 


92 


SUB 

D 

^CALCULATE ACTUAL VALUE 

8273 


57 


MCV 

D. A 

;SAVE A CUPY IN D FOR LATER 

8 2 74- 


—2-1CH00 _ 


. LXI 

H t rc A S 0 

; T F F T AKD RFT CAFF IF APPPTP 

6277 


E620 


AN l 

20 H 

;6TH BIT IS CASE (0=LETTERS) 

627 5 


BE 


CMP 

M 

;C C M F A R 6 TO PREVIOUS CASE 

£27 A 


CA6982 


JZ 

CH 06 

;match. no need tg send case 

_ A? 7 0 


77 


MOV 

M f A 

; NO ‘MATCH. SFT CASE RIGHT . . .. . .._ 

827E 


0E IF 


MV I 

C * LTRS 

(SENC CASE ( 0 = L ETTiiRS ) 


1 


•f 

TEST 


(CASE 0 OR 20 H ? 

8280 

1 

A 7 

■f 

ANA 

A 

(SET FLAGS . CY^O 

F 2 F 1 


C A F 6 r p _ 


_ JZ _ 

r.Hr.fs 

(1. P. TTFRS CASF. SEND IT _ 

8 2 8 4 


OE 1 B 


MV I 

CfFIGS 

; NOT LETTERS. SENC FIGURES 

8286 



CH05 : 




6286 


C052 82 


CALL 

CH Cl 

; SE ND THE CASE SHIFT CHAR ' 

8289 



c* h n fi * 




6265 


4 A 


MOV 

C . D 

IRECOVER THE ORIGINAL CHAK 

8 2 8 A 


D 1 


POP 

D 

-.RECOVER SOME REGISTERS 

826E 


El 


POP 

H 


a 2 6 C 


C 3 5 2 8 2 _ 


JMP 

ch n i 

;cn FFNO THF CHARACTER 




! io 

CHECK ROUTINE. THE 

VALUE CF THE IOEYT IS 


; RETURNED IN THE A REGISTER 
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t 


623F lOChK: 

626F 3AC300 LDA XOBVT 

accorc on 


10 SET ROUTINE. THE VALUE CF THE C REGISTER IS 

SUBSTITUTED FOR THE VALUE CF THE IOBYT. 

8292 1 

6293 79 

8294 32C300 

cocj re 

. CS E t: 

MOV A . C ;SET NE to IOBYT 

5TA IOBYT 

DFT ____ 

———* * --- O c 7- f -—■Vsr V- 

' 

< 

■ 

, 

629 6 * 

6296 3AC6C0 

_ _ 8 2 9 P 4 7 

MEMORY CHECK ROUTINE. TWC RAM LOCATIONS ARE USED 

TO STORE THE TOP OF RAM. THEY ARE RETURNED IN 

A AND H. LEAST SIGNIFICANT IN A. - .... . - - -.. 

€mck: 

LDA MSZ2 ;VGST SIGNIFICANT BYTE HERE 

MOV F»A ; RUT IT IN £ - .. 

6 29 C 2AC500 

829F C 9 

LD A MSZ1 ; LEAST SIGNIFICANT BYTE HERE 

RET 

PiiNirn pvtf ni j t pi; t routine. the rnM<zn\ f rytf output . 


ROUTINE IS USED EXCEPT THAT THE IOBYT IS FIRST 

ROTATED SUCH THAT THE CCNSCLE ASSIGNMENT AND PUNCH 

ASSIGNMENT ARE INTERCHANGED. toHEN FINISHED. THEY 

A fi F JifiAIN) INT FRrhA.Nir.FD c n THAT Ai 1 I s OK . . .. 

8 2 A C £ 

82A 0 CDA682 

... 82 A 3 CD7283 

3 Y T 0 p : 

CALL PUCO ; INTERCHANGE PUNCH AND CONSOLE 

Cai i Rvrnr z r. n pvtf output 

_ .8 2 A f _ _ _ I 

ROUTINE TC INTERCHANGE CONSOLE AND PUNCH ASSIGN* 

urn • _ _ ..._ . _ _ . _ _ _ _ 

8 2 A 6 F5 ~~ PUSH PSW ;SAVE SCME REGISTERS 

82A7 £ 5 py c; (- ^ 

8 2 A 6 21C300 LXI H * IOB YT ;FOINT HL AT IOBYTE 

_ - 8 2 A E . 7 P MOV A . M ; IMTPRf.H ANf,P TOP AND ROTTflM _ 

62A C OF RRC 

8 2A C OF RRC 

fi 2A E OF RRC 

. .F? A F f!F .. Rnr . _ 

62EC 77 MOV M.A JRUT IT BACK 

82B 1 El POP H JRECCVER SOME REGISTERS 

82B 2 F 1 POP PSW 

0283 _CQ __ RFT _ 

■ 

- 

• 

WORD PUNCH OUTPUT ROUTINE. PUNCH AND CONSOLE 

ASSIGNMENTS ARE INTERCHANGED TG USE CONSOLE 
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MCEM — 8080 MCNITCP 1.1 ERRORS = 


gpP 4 i 

. 8264-CCA662 

82B7 CCCA81 

Q 2 E A C2A682 

5 ROUTINES. 

Irdop : 

CALL-PUCO 

CALL WRDOT 

JMP PUCO 

PUNTH AfiF TYPFP. a r. A t k . CnN^PLFANCPUM^H 

____ . q2CC . . 

ASSXGNMLNTS ARE INTERCHANGED TO USE CON SOLE 

ROUTINES. 

f yp^p • - ... - 

82ED CCA682 

82C0 C C 9A 8 3 
Q2C3 C2A682 

CALL PUCO 

CALL T Y P MG 

JMP PUCO 


READER BYTE INPUT ROUTINE. THE READER ASSIGNMENT 

IT ROTATED INTO THE CONSOLE POSITION SO THAT THE 

CONSOLE ROUTINES CAN BE USED. THE ASSIGNMENTS ARE 

RESTORED WHEN DONE. SIN r E AN EXIT CAN PE DONE FROM . .. 


THE EIT ROUTINE, A FLAG IS SET TO INDICATE THAT THE 

SWITCH HAS BEEN MADE. IF AN EXIT IS TAKEN THE 

PROPER ASSIGNMENT WILL CE RESGTREO. 

82C e E 

62CE CCE462 

82 C 9 CC4E83 

ytir: ■ 

CALL ROPCO JMOVE READER CEVICE TO CONSOLE 

CALL BYTIN ;USE CONSOLE BYTE INPUT 

i 

Hprr c 

ROUTINE TG RECOVER THE CLD CONSOLE ASSIGNMENT AND 

OLD READER ASSIGNMENT AFTER USING CONSOLE ROUTINES. 

jrvo i • 

8 2 C C F 5 PUSH PSW JSAVE SCME REGISTERS 

82CC ES PUSH H 

82CE 21C300 LXI H.IOE3YT JFCINT HL AT I GBYTE 

- * .82C1 7F - . Mnv.A * M ... ; K o T A T E [HRyT ? i FF T -.. - _____ . 

82C2 07 RLC 

82 C 3 07 RLC 

82C4 77 MOV M * A JPETtRN IOEYTE 

_ ....._. PP08 PC IMP 1 ; P r. T N T Hi AJ T FI AO . _ 

8 20 6 3 6 C 0 MV I M,0 ?PESET IT TO ZERO 

8208 El POP H ;RECOVER SOME REGISTERS 

82C9 F 1 POP FSW 

8P0 A_OR_ . R FT ._ .... _ _ 

1 

' 

i 

READER WORD INPUT ROUTINE. AGAIN* THE CONSOLE 

ROUTINE IS UTILIZED BY MOVING THE 10 BYT E. 

82CB wrdir: 

82CE CCE482 CALL RDRCO 

82D E C02 68 3 CALL WRDIN 
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82 E I 


C2CC82 


JMP 


RCVR1 


READER TO CONSOLE ASSIGNMENT SWITCHER. 


82E4 
82E4 
82L 5 
~82E 8- 
82E 9 
8 2 E A 
82EE 
-82EC- 
£ 2 E D 
Q2EF 
82FG 


£ 2 F 1 
8 2 F l - 
82F 4 
82F e 
82F9 
-£ 2 EE- 
82 F C 
82 F C 
8 2 F F 
-830 C- 
820 1 
8202 
8204 
-82-0-5- 


R DR CO : 


E 5 

2 1 C300 

-7 E--- 

OF 

CF 

77 

-3 G- 

3 6FF 

E 1 
C9 


PUSH 
L X I 
-MOV-— 
KK C 
RPC 
MOV 
-I NR— 
MV I 
POP 
RET 


H ;SAVE HL 

H.IOBYT ;PCINT HL AT I GBYTE 
- ;- S Fi- I E T —I-QLi Y T.-2- - LE F - T - 


M, A ;restore it 


M » — 1 ;SET FLAG TO -1 

H ;RECOVER HL 


; ECHC INPUT AND TEST 
E it : 


- CO e 5-84- 
F E 2 0 
CAP 1 82 
FE2C 
-3 7- 


ce 

F E CD 
37 

~C8- 


F E 4 7 

3F 

DC 

-3AGA0G- 


-CAL-L- 
CPI 
JZ 
CPI 
-ST C— 
RZ 
CP I 
ST C 

-RZ-- 

CPI 

CMC 

RNC 

-LDA- 


-HCHQ- 


-4-G £40—CH A R—AN D—ECHO- 


• i 

E IT 

• . • 


; IGNC RE ELANKS 
;COMMA IS A DELIMITER 


CR 


TEST 




;RETLFN WITH CY SET FOR DELIM 
;CR IS A DELIMITER 

-4-RE-T— W-XT4--OE-S EX-HQR-DlEL LM _ 

;STCF IF LARGER THAN F 

;INVERT CARRY BIT 

iNO CARRY IS OK CHARACTER 


82C8 

8 2 C 9 
p 2 CC 

1 A 7 

CA7380 
c nc c 

+ 

ANA 

JZ 

r a l L 

A 

MA I N 
»r\/o i 

;SET FLAGS t CY=0 

£ 2 C F 

C 3 7 3 8 0 

; NIBBLE 

JMP 

ROUT INE 

MAIN 

* CONVERY ASCII TO HEX 

6212 


N IBBL : 




82 1 2 

D 64 1 


SUI 

•A 1 

X CQMFAR ING FOR > = 10 

82 14 

F 2 1983 


JP 

GT A 


_ .1 7 

C 6 C 7 


All I_ 

7 

; a n . 11 . f T ffr r,AP FFTVjFFM q f. a 

82 19 


GT A : 




821 9 

C6CA 


ADI 

10 

; V A K E IT BINARY 

82 1 E 

C 9 


RET 


JTHATS ALL FOR PERFECT INPUT 


EXPRESSION (PARAMETER LIST) GRABBER 


821 C 


EX P R 





0 > 05 Ck C& fr> CD fir, fe Ct> fn OGDfDCT, &en(pO)te(£CCtQ: CnCb & &(&&&<£ <Zi&(hCUCPCDCcCD I OD CD CD 0 ) 03 CD ! 

(j (*i OJ Li (t\ (j ( j Li (j fii M ui <J (J (J (j fit i.i f j (j (j m (j r.i <«i r.i („» fit r.i (j (a i.» c»i r*» <.» (j j m i 4 « r.i ( lt t j <,< , 

<*> rn awn fn fn tn ^ £> is ^ > .d* £> i> R xv is ^ t> £* m ( u u (j (j cj ru t*i ro m ru m r\) ro m f\> «\> i\> ro i 

►-mrT]>*j£s>~jTirnm nrvp'fc»\r>m/jrwn.&-(jjiN>^*oTirrmri}rr)inrdf\>mpn:>*nO'rh ru o ti 
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CD2663 
E2 
E 5 

-OS- 

C 2 1C83 
C9 


CALL 
XT HL 
PUSh 
-OCR— 
JNZ 
RET 


WRDIN 


EXPR 


;READ 16 BIT GROUP INTO HL 
;eub 6L£ PC DOWN ON STACK 
iSTACK IS PARM LIST 

-4 CE C~ PA RM—CCU NT- -- 

;CUIT WHEN B EKPTY 


WROIN - READ IN 16 BIT ACCRESS 


WRDIN 


-21 0 0 00 — 
C 5 


—LX I — 
PUSH 

0 6 C4 

WRDi: 

MV I 

-CCF 162_ 


_ CALL— 

D23B83 


JNC 

76 


MOV • 

FEC4 


CPI 

CA2 C83_ 


_ t *7 _ 

C 2 4 863 

WRD2 : 

JMP 

CC1283 

2 C_ _ 


CAL L 

2 9 


DAD 

29 


DAD 

2 9 


CAD 


-BE_ 

6 F 
05 

C 22C 83 


EX4-TL 


...E-IT_ 

WRD2 
A , B 
4 

-ULRD4 _ 

EXIT 

NI BBL 

M _ 

H 

H 

H 

-1__ 

L , A 

B 

WRD1 


. ; C LEAR— E UEE-E R~ _ 

I5AVE PARM COUNT 
;GdT 4 HEX QIGITS 


IN ASCI I 


REAC/CHECK . CHARACTER_ 

5CAPRY SET IMPLIES DLLIMI TER 

;TEST FOR NEW WORD 

;E=4 means just STARTED 

-4- IG N C RE—♦—AX -BEGXNN-I NG _1_ 

5VALID DELIMITER IF NUT 1ST 

;eat some chars 

-4 HU:*-2 _ 

; FL*2 
; HL * 2 

;LGNC LEFT SHIFT 4 KIDDIES 

4ER-I NC -LN—NUW--4— B US _ 

;HL NO V/ HAS GOOD CATA 
;RECUCE CHAR C CUNT 
; 2 * 2 f l .0 AND OUT 

ILPD ATE CHECKSUM 
;CRDEP IMMATERIAL 
;CHK SUM IN A CORRECT 

;restore " ' * 


bytin: 


C 5 

-OEC 0_ 

CDF 182 
D A 6 C 8 3 
C D 1 2 6 3 

-4-7 _ 

CCF182 
DA6C83 
CC12 63 


PUSH 

JMV-I _ 

CALL 

JC 

CALL 

-M£LV _ 

CALL 

JC 

CALL 


B 

U.0_ 

E I T 
EX ITB 
NT BBL 

iLA_ 

E IT 
EX ITB 
N I BBL 


iVE IT 

i I. J. JBLIJ-j ARY_ VAUU E_ BUB JEER _ 

AC NEW DIGIT 

AVE IF DEL I MI TER »A = 8 = 0 

T BINARY VALUE IN A 

lVE. B I N ARY—V AL U E.__Usi_B __ 

:AC 2ND (LOW) DIGIT * IF ANY 
) IT IF DELIMITER, A=D = DIGIT 
)NVFRT 2ND DIGIT TO BINARY 
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t 364 4F 

62 € 5 7 8 

8268 07 

8 2 6 7—-0 7— 

8268 07 

6 2 6 c 0 7 

8 2 6 A 01 

-836E- 4-7— 

636 C 

82 6 C 78 

8260 82 

-826 E-57- 

8 26 F 76 ' 

8 2 7 C Cl 

6271 CS 


MOV C♦A JSAVE CHAR 

MOV A * B ;get FIRST CHAR 

RLC ;NOVE TC TOR CHAR 

-PL C--- 

RLC 

RLC 

CRA C ;OR IN FIRST CHAR 

-- —-MOV--PSAV £—IN—B - 

ex itb: 

MOV A * B ;IN CASE A HOLES DELIM CHAR 

ADD D ;ADC CHECKSUM 

-M O V-IM- E-T-UP N- -UP OAT4 IX—CK SUM - 

mov A*e ;restore sa from $b 

pop o ;restore b 

RET 

-- r -- ;PE^T-0 O N E--EL- S E--WKE-RE- 


BYTE OUTPUT PTN 

OUTPUTS 2 HEX ASCII CODED DIGITS 
XERM4 A AT-E-S—P-R-I-N-T-—F I-EL D --W-I -T H -S P A-CE- 


8272 EYTOT: 

a272 C 5 PUSH e ;CALLS USE SB 

£373-COZBL3-UU_8X0X4-;XECQ 0 E — 2~— F -£X— 

8276 CDD461 CALL SPACO ;PR I NT A SPACE 

€2 7 9 Cl POP B RESTORE 

8 37 A C9 RET 


QI-G-IXS - 

TRAILER 


BASIC BYTE OUTPUT DECODER RTN 
FERFORMS SUMCHECK ADDITION ON OUTPUT 
HIGH ORDER DIGIT OUTPUT FIRST 


6 2 7 G E TO T1 l 


8 2 7 E 

4 7 

MOV 

CD 

> 

;SAVE BYTE IN B 


p 7 r* 

P 2 

ADD 

D 

;a[iH TO chfc^^iim . . 


8 2 7 C 

57 

MOV 

D * A 

JSAVE NE’a SUM 


6 3 7 E 

78 

MOV 

A * B 

J r-i E T P I E V E BYTE 


8 3 7 F 

07 

RLC 


J SWAP HEX DIGITS 


p "p p 

0 7 

pj r 




82 8 1 

07 

RLC 




8282 

07 

RLC 




8283 

CD8783 

CALL 

HXOUT 

;PRIMED W/HIGH DIGIT 


... ..-8 2 8 6 • 

7 jo 

MOV 

A,R 

;i\|«;TPAn np ^HfFT t MO v 






J FAllL THRU TO HXOUT 




; HEX OUTPUT 

R TN 





i _puTciiT*; t r rnnpn 

t-pvnTr;iT 




; FROM LOW 4 

"bITS OF A 

REGISTER 



8287 


HXOUT 


C-9 * A —F NOT CONTIG- 
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;uaus CODES. 2 CASES 

£287 EECF ANI OFH ISTPIP HIGH DIGIT 

8 28 9 D 6 C A SUI OAH I >9 TEST 

62 £B-F 2 94 83-JP-HXC-1- l BRANCH--. GE •—1 0- 

fi 2 £ fc C 63 A ADI ' 9 * + 1 ; AD D ASCII 9 +1 FOR 

; ASC I I CHAR CODE OF tt 

8 2 9 C *F MOV C.A JPRIME ARGUMENT FOR CALL 

&2 9-1- C3-06-6-1-JMP-CO-ICU-TPUT—I T— ANC-R E-T- - 

8394 hxoi: ;letter CASE 

8294 C 6 41 ADI *A» ;ADD ASCII 'A* FCR 

JASCIT CODE OF DIGIT 

-a 3 96-4F--Mav—--C-^A-J- PR-I MB—AUGLMENT--F-OU—CA4-4- 

8297 C3C681 JMP CO JCUTFUT AND RET 

;no error on input 
jpossirle, SG NO CHKS 


TYPE MESSAGE ROUTINE 

(HL) POINTS TO MESSAGE ADDRESS 

MESSAGE TERMINATED BY NFGATIVE BYTE 



£25 A 
825 A 
829 E 

_ 829 £- 

C5 

2 1 A D 8 3 
. C D A 2 6 1 

TVPMG: 

push 

LX I 
CALL 

H 

H » CRMG 

T V P 1 

‘.PRINT PREFACE MSSG 
iPOINT TQ PREFACE 

;cp.iFi . i tt« . 


82 A 1 

El 


POP 

H 

;FOINT TO 1 ST MSSG AGN 







;FALL THRU AND PRINT 


82 A 2 


tv p 1 : 





_a 2 n A^L 

. . 7E 


MOV 

A t M 

‘.FETCH CHAP FROM 



1 

+ 

TEST 


;CHK IT 1ST • 


82A2 

1 A 7 


ANA 

A 

;SET FLAGS „ CY=0 


8^2 A4 

F 8 


RM 


;NEG AT IVE IMPLIES END 


.... .. 8 3 AS— 

4 p 


MOV 

C t A 

!PR[ME WITH A D G 


82A6 

CDC 6 8 1 


CALL 

CO 

;PUT IT OUT 


8 2 A 9 

22 


I NX 

H 

;PCINT TC NEXT CHAR 


....£ 2 A A 

_ Q 2 A 2 S3_ 


JMP 

T Y F 1 

: LQC P TILL_NEG CHAR_ 


8 2 A C 

0 C C A 0 00 0 

crmg : 

OB 

CR•LF •0 * 

0 * 0 * 0*—1 


823 1 

COCOFF 






82G4 

2 AFF 

crco; 

DB 

1 :•*-i 



___£ j £ 

_ _2 F F H -_ 

P M T M A - 

p. p 

• f » t ~ i 



3 28 8 

45884954 

R S MG : 

CE 

• EXIT • , 

- 1 - 


828 C 

2 CFF 






8 28 E 

C0450A41 

edtab: 

Cb 

0 » • E' ,LF 

.'A SIU•,CR,'ORJNFCK* 


.. . 8 2 r 2 

pn ^ 34 C 55 






82Ct 

0044524A 






82CA 

4E46434B 






82C8 

545A4C57 


DB 

•TZLWHYPCCBG • .OAOH, 'MXV' ,80H 


~_ 8 2C£- 

_4 85 95 05 1 






£2C £ 

4F4247A0 






8 2D A 

40585680 






820 E 

C C230A20 


OB 

0 • • 3 • *LF 

**- *87 1 » CR • ‘$4 1 1 * 1 * 2 1 H • # I ( 1 
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£ 2 E 2 2 C2A3937 

82E 6 00242427 

8 2 E A 2C213A28 

-B3E E-3 S2B2932 QB- 6-9-t-£-? 

£3F 2 222620 31 

82F 6 352F26A0 

£2FA 2E2F2DQ0 

---—END- : - 

NC PROGRAM ERRORS 
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SYMBOL TABLE 


* 01 


A 0 0 C 7 B 0000 BCASI 0007 eCASO CCOE 

BCTAE €3BE BEGIN 802B OGO €02£ UG2 80o4 

BT0T1 E37E BYTIN 834E BYTIR 62C6 BYTOP 82A0 

-E-Y TCT-62 7 2--C-0CO 1-CHI-£236-Ch-14-821E- 

CPC e24E CHOI 8252 CHC2 £250 Ch03 £265 

CHC4 £270 CH05 6266 CH06 8260 Cl 8193 

CC €106 CR CCOD CRCG 83B4 CRMG 83A0 

C STS-6 2 C 1-G S-T-S-l-850 b-GST-S2 -8 211-D- - OC 0 2 

D I £ F1 €05F 0ISP2 60BB DISP3 80D6 DISP5 €Gb9 

CSFCK FeOC CSPOT F804 D SR 0C8C E 0003 

EO-C € 1 EE ECHOl 81C8 ECHCM 0000 EIT 82F1 

LX IT-€ 3 4 6-EX I TB— 836C-EXPR-831 C-F IGS-—CO 13- 

GC € C E 6 GTA 6319 H 0004 HXC1 8394 

FXCLT €387 IBRCH 8196 I FLAG 0C04 INSRT 80ED 

1 NST1 eOFO INST2 810B ' IOBYT 0C03 ICCHK 82bF 

•• I CSE T—-8293---M3 I N-F 80 1-— K BST-S— - F 80 7-L-00 05- 

LOC €113 L01 812E LF 0 C 0 A LQ 81F9 

LC1 81FC LOAD 6lOF LTRS 001F F Cu06 

FAIN £073 MEFCK 8298 MONST 002C MSZ1 0005 

-F5Z2-CO 0 6-N I BP-L-831-2-GBRCH -8109-P ARCT--OOOF- 

PARIN € 1 A 2 PAPMO 00A6 PARUT 81E6 PCSAV C02E 

PINPT GOOD PIRCY 0002 PMTMG 8236 PO 81F1 

PCRCY CC£C PO TP T COOC PSSAV 0032 PSTAT COOE 

~PS A-00 06- P-UC O-I-8-2 A6--fLCVR-1-82C C-PCKCO-82E4- 

RETR1 £ 17 A RET RN 816F RGSAV CC39 RI 8IAD 

R S MG €386 RSTRT 8145 RXRDY CC02 SDPIO F80A 

SF 0006 SPACO 8104 TEST C3E0 TXROY 0001 

-T-X RXE-0027-T-Y P-1-83A2-T-WMG-83-9 A-X-V-P-MP-8 2-BOL 

UAPTI 0 0 8E UARTR 0055 URTBM CC83 URTCT OGOB 

URTCA 0 0 0 A URTMO OOFA USRIN 0C40 OSROT 0043 

USRST 0046 WRD1 832C WRD2 833E WRDIN 8326 

-W-RG-IB £2B£-WJ3 DBS B2B4-b_ W -RD-C-T BLC-A--- 

*02 


* C3 

-if —C-4. 

* 05 


+ 06 


* C7 





8. Circuit Board Layout and Schematic Diagrams 


The following pages contain complete diagrams of the HAL Communications 
Corp. Model MCEM-8080 Microcomputer System. These diagrams reflect the 
current circuit connections as of the printing date of this manual. 

HAL Communications reserves the right to make changes in the circuitry 
without incurring any obligation to make such changes in previously sold 
units. The diagrams may not be duplicated in any form without the express 
permission of HAL Communications Corp. 
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MCEM-8080 
Addendum No. 2 
June, 1976 


Use of the UPB cable connections: 

The MCEM-8080 is furnished with a two foot length of 40 conductor 
ribbon cable with a connector on one end that mates to the UPB (Universal 
Processor Bus) connector of the MCEM. The cable connections are explained 
in Table 2.6 on page 2-12 of the MCEM manual (the red stripe on the cable 
corresponds to pin 1). When plugging the cable into the MCEM, be sure 
to align it correctly as indicated by the small arrows embossed on the 
plastic connectors. If your cable connector has NOT been polarized, it 
should be by putting a small piece of bare wire into the cable connector 
pin 32 location. This should correspond to the missing pin of the MCEM 
UPB connector. 

Connection to the cable can be made by simply separating the conductors 
of the ribbon cable, stripping and tinning each one required, and then 
connecting the wires as required. The cable SHOULD NOT BE EXTENDED BEYOND 
THE TWO FOOT LENGTH FURNISHED. Alternately, the same 3M connector can be 
attached to the ribbon cable. The cable connector is a 3M part no. 
3417-0000, which can be obtained from a 3M distributor or from HAL 
Communications Corp. for $6.00. The mating circuit board connector is 
a 3M no. 3432-1002 connector at $4.00 each from HAL. The cable connector 
is designed so that it clamps directly over the cable and several can 
therefore be attached to the same cable. The following procedure should 
be used to attach the 3M connector to the cable. 

installation of additional connectors to the UPB cable: 

The 40 conductor cable polarity is distiguished in two ways: 

1. The RED stripe side corresponds to pin 1 of the UPB connector 

2. The ribbing of the cable is heavier on one side than the other. 

This can best be determined by looking at the END of the cable, 
although dragging of your finger-nail across the two sides will 
also indicate which is roughest and therefore has the heavier 
ribbing. 

Refer to the attached Figure 2 for the following instructions. 

The 40 pin connector (3M No. 3417-0000) is a two-piece assembly, the 
larger section with the connector pins and a smaller clamp strip. The 
clamp strip has a protective paper covering over an adhesive. In assembly, 
the protective strip is removed to expose the adhesive and the cable is 
"sandwiched 11 between the forks of the connector pins and the clamp strip. 
Attach the connector to the cable using the following procedure: 



1. Locate and mark the desired connector location on the 40 
conductor cable. Note that several connectors can be placed 
on the same cable since the connectors simply clamp around 
the cable, allowing it to pass through. Therefore, if 
several connectors are intended, do not cut the cable until 
the end-most connector has been installed. 

2. Carefully remove the protective paper BUT NOT the adhesive 
from the clamp piece. 

3. Put the adhesive surface of the clamp piece on the the heavily 
ribbed side of the ribbon cable, taking care to remove only 
the paper and not the adhesive with it. 

4. Locate the embossed arrow on the connector pin section. This 
indicates the location of pin 1 of the connector. 

5. Place the pin section of the connector on the oppositie side 
of the cable from the clamp assembly, aligning the arrow with 
the red stripe on the cable. 

6. Align the guide pins of the clamp piece into the mating holes 
of the pin section and press the two pieces together with your 
fingers until the forks of the connector pins start to M bite M 
into the cable. 

7. RECHECK THE CABLE AND CONNECTOR ALIGNMENT TO BE SURE THAT: 

a. The red stripe of the cable is adjacent to the arrow 

b. The heavily ribbed side of the cable is against the clamp. 

c. The connector is perpendicular to the cable. 

8. After checking, the two sections can be completely pressed together 
in a bench vice. Use only enough pressure to close the gaps 
between the cable - too much pressure will break the connector. 

If the vise has rough surfaced jaws, you may wish to prevent 
scratching of the connector by using cardboard protective shims. 

9. If additional connectors are required, they can be attached at 
any cable location using the above procedure. If it is desired 
to end the cable after the connector, use a VERY SHARP knife or 
razor-blade and cut the cable off flush with the outside edge of 
the connector. Be careful to cut on the n scrap M end of the 
connector and not on the processor end! After cutting, inspect 
the cut edge to be sure that adjacent wires have not been shorted 
together in the process of cutting. 

10. The completed connector should now be keyed by inserting a short 
piece of No. 22 bare wire into connector pin no. 32 position. 

Notice that the numbers are marked on the face of the connector - 
odd numbers down the arrow side (starting at the arrow) and even 
numbers on the other side. 







